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The science of Eiviation meclicine has fxilly 
recognized the almost insurmountable human 
prohlems imposed by modern military aircraft. 
Aviation medMne research scientlsis of many 
disciplines are constantly striving to make it 
possible for the human being to adapt to the 
conditions created by fJie greater speed, higher 
altitude, extended range, and increased com- 
plexity of operation which characterize the air- 
craft of today and tomorrow. These scientists 
have had a large measure of success in the 
discovery and development of equipment and 
procedures which enable the military flyer to 
keep pace with aeronautical and operational 
developments. The ultimate worth of aeromed- 
ical research efforts will only be as great as the 
degree of successful application of flie fruits of 
these eflForts by the individual Flight Surgeon. 

The art or practice of aviation medicine must, 
fiberdFore, be vigorously pursued by every FHght 
Surgeon with the full utilization of all available 
knowledge. The principal objective of this activ- 
ity is the continued maintenance of the flyer in 
the highest possible state of effectiveness under 
all circumstances. It can best be attained by the 
planning and execution of an aircrew effective- 
ness program as outlined in AFR 160-69. The 
fulfillment of this program can only be realized 
by the accumulation of adequate general and 
specific knowledge regarding the problems of 
the Syet and the full utilization of all available 
resources in the solution of these problems. 

The scope of the aircrew effectiveness pro- 
gram is very broad and involves the complete 
apphcation of the fuU resources of aviation med- 
icine to the operational requirements of the 
flyer. The prosecution of this program usually 
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resolves itself into the recognition of the pro- 
blems of the flyer and the proper use of available 
means in the solution of these problems. In the 
interest of emphasizing the multiplicity and 
complexity of problems which occur, it may be 
well to mention briefly a few broad categories 
of aircrew effectiveness problems, and to indi- 
cate available pieans ica their solution. 

Selectioli of the flyer still remains one of the 
primary missions of aviation medicine. This ac- 
tivity has become more and more critical with 
the advent of supersonic jet fli^^t The Fhght 
Siu-geon's contribution to selection is crucial and 
depends upon the accurate and expert accom- 
pli.shment of prescribed examining procedures 
in the apphcation of the medical standards for 
flying. 

The procedures for medical examination are 
not included in this edition of the Flight Sur- 
geon's Manual but have been integrated into the 
Manu al of Medical Examination (AFM 160-1). 
This manual includes all medical standards and 
the physical profile serial as well as the exam- 
ining techniques for convienience of frequent 
correlative reference. 

The problems, related to flight-induced ab- 
normalities and medical conditions which may 
affect ability to fly, wffl require the appUeatioii 
of the finest diagnostic abilities and the best of 
medical judgment. The condition may be acute- 
ly or chronically induced by the stress of flying 
or it may have some other cause. In any event 
it must be diagnosed, properly treated, and 
thoroughly evaluated with respect to the individ- 
ual's flying status. In the management of such 
cases the Flight Surgeon must be eeartain to 
maintain adequate administrative control of the 
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flyer to prevent untoward happenings which 

may occur when the unfit fly. Good medical 
care, close observation, and proper execution of 
the periodic medical examination program will 
meet the many problems arising in this category. 

The most critical problems are probably en- 
countered in the area coneemed with the pro- 
tection of the flyer against the hazards and 
stresses of flight. The complexity of these pro- 
blems is readily recognized when one considers 
the many hazards and stresses encountered by 
the aircrew of modern operational aircraft. The 
hazards imposed by high altitude include hy- 
poxia, dysbarism, temperature extremes, cosmic 
radiation, and visual problems. The very high 
speeds produce stress through the apphcation 
of accelerative forces — linear, angular, and ra- 
dial — and by the production of extremely high 
temperatures. High speed also poses certain im- 
portant visual problians. 

The occasional necessity for the flyer to aban- 
don his aircraft in flight presents many problems 
of escape compounding the problems of both 
high speed and high altitude. Inevitable crash 
landings and ditchings make it necessaxy to ooan- 
sider the problems of crash decelerative forces 
and the protection of the individual against these 
forces. In addition, there are medical problems 
associated with survival and rescue under 
almost any drcumstances and in every part of 
the world. 

There are also many special stresses which 



may plague the flyer, such as exposure to toxic 
substances, including those associated with air- 
craft operation and those of unconventional war- 
fare; exposure to vibration, sound, and ultra- 
sound; exposure to the hazards of many types 
of projectiles; exposure to iire hazards; and ex- 
posure to circumstances which induce the sen- 
sory illusions of flight. The solution of many of 
these problems may be found in training in 
survival and personal equipment, physiological 
training, and the medical indoctrination of air 
crews. The FU^t Surgeon is the key figure in 
the success o£ tibese important activities. 

Another category of problems concerns those 
which occur as a result of the effects of pro- 
longed physical, physiological, and psychologi- 
cal stress. These problems may be conveniently 
considered to fall into three distinct groups. 
The first is that of fatigue produced by pro- 
longed application on a single mission, and 
resulting in a temporary performance decre- 
ment which is rapidly relieved by adequate rest. 
The second group is that commonly termed 
"flying fatigue" and amounts to a loss of keen- 
ness for flying or staleness induced by the 
cumulative effects of too much flying within a 
given period of time, often coupled with non- 
specific everyday life stresses. This is usually 
reversible with a moderately extended period 
of rest. 

The last group consists of those conditions re- 
ferred to as combat or operational fatigue 
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which occur in normal flyers as a consequence 
of exposure to the stress of combat flying. All 
of these conditions require close observation, 
supervision, and special care by the Flight 
Surgeon. In no other problem area is there a 
greater requirement for diligent, close, personal 
observation of the flyer than in this category. 

The constant maintenance of a high level of 
physical fitness among all flyers may at times 
become a special problem for the FUght Sur- 
geon. Certainly the support given by the Flight 
Surgeon in the physical training program can 
be of immeasurable benefit to the e£fectiveness 
of the organization. 

Problems in the field of nutrition frequently 
arise. Of particular interest to the Flight Sur- 
geon are the difHculties encountered in afford- 
ing adequate in-flight feeding for aircrew mem- 
bers. The Flight Surgeon must be concerned 
not only with the sanitation aspects of food serv- 
ice but also with the many deterrents to ade- 
quate nutrition imposed by the in-flight situa- 
tion. These problems can most often be met 
through the effective teamwotk of the Flight 
Surgeon and the food service personnel. 

The medical aspects of flying safety present 
many important requirements. Problems of 
emergency crash procedures and casualty man- 
agement must be met by propef planning and 
training. The investigation of aircraft crashes is 
a first consideration in the flight safety research 
program. The Flight Surgeon s part of the in- 
vestigation often predominates because of the 



high incidence of human factors in the causa- 
tion of accidents. The flying safety program of 
every organization must have the active support 
of the Flight Surgeon. 

There are certain problems regarding the air- 
craft and its equipm(;nt with wliicli the Flight 
Surgeon must concern himself in the interest 
of combat effectiveness. The recognition and 
evaluation of these problems require close ob- 
servation of the flyer in his crew position. The 
Flight Surgeon is concerned with any aspect of 
aircraft or equipment design affecting safety, 
comfort, well-being, and efficiency. This is par- 
ticularly true from the standpoint of psycholo- 
gical, physiological, and anatomical considera- 
tions. 

The Flight Snfgeon in studying these problems 
may become aware of solutions or "fixes" or he 
may invoice the use of the important adminis- 
trative procedure of the "Unsatisfactory Report." 
Perhaps even more important, he may report 
special observations which, when properly for- 
warded to research agencies, may result in im- 
portant developments. 

These various categories of problems of the 
flyer, the recognition of these problems, and the 
accomplishment of the activities which solve 
them constitute the aircrew efieetfveness pro- 
gram. This is the backbone of military aviation 
medicine. Much of the specific knowledge 
essential to the accomplishment of such a pro- 
gram will be found in the pages which follow. 
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CHAPTER 



2 




Effects of 



Decreased Partial Pressure of Oxygen 



on Respiratory Pliysiology 



Respiration may be defined as the relation 
between an organism and the gases in its en- 
vironment. In man, respiration may be divided 
into two general categories — the pulmonary 
phase and the tissue phase. The puhnonary 
phase involves the exchange of gases between 
the external of ambient atmosphere and the 
alveolar air, and between the alveolar aii and 
the blood in the ptilmonaty capillaries. The Tis- 
sue phase of respiration involves the exchange 
of gases between the cells of the body and the 
blood in the tissue capillaries, 



Pulmonary Phase of Respiration 

The total volume of air in the lungs (total 
lung capacity ) is subdivided as shown in Figure 
2-1. These subdivisions are important in the 
study of pulmonary function in health, in dis- 
ease, and under abnormal environmental con- 
ditions such as pressure breathing. The end of 
a quiet expiration is the usual reference point 
when making quantitative measurements of 
these subdivisions. 

At the end of quiet expiration the elastic re- 
coil force of the lung is approximately balanced 
by the expansile tendency of the chest wall It 
is therefore often called the equilibrium point. 
There are four primary limg volumes, as shown 
in the related Hiustration, Combinations of two 
or more primary lung volumes are known as 
lung capacities. These sometimes reflect the 
functional compartments of the lung more ac- 
curately than do the lung volumes. 

The definitions and average normal values 
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(measured in the resting state) for the primary 
lung volumes are as follows: 

1. Tidal volume is the volume of air ex- 
changed in one breath. The resting tidal volume 
is about 500 cc. 

2. Inspiratory reserve volume is rarely re- 
ferred to since it is qm'tc variable, depending on 
the amount of the tidal volume, It is the maxi- 
mum amount of air that cm be inspired at the 
end of a resting inspiration, 

3. Expiratory reserve mlume js the maximum 
amount of air that can be forcibly expired fol- 
lowing a normal expiration. The average value 
is about 1200 cc. 

4. Residual volume is the amount of air re- 
maining in the lungs following a maximum ex- 
piratory effort. The averagie valne is about 1200 
cc, and constitutes 20% to 25% of the total 
lung capacity. 

There are also four major lung capacities : 

1 . Total lung capacity is the sum of all four 
of the primary lung volumes and averages about 
6000 cc. 

2. Inspiratory capacity is the maximum vol- 
ume of air that can be inhaled from the end of 
a quiet expiration. (The sum of the tidal volume 
and inspiratory reserve volume.) The average 
value is about 3600 ce. 

3. Vital capacity is the maximum amount of 
air that can be exhaled from the lungs following 
a maximum inspiration. The average value is 
about 4SO0 ca It is the suin of the inspii-atory 
reserve volume, tidal volume and expiratory 
reserve volume. 

4. Functional residual capacity is the amount 
of air remaining in the lungs following a normal 
tidal expiration. 
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Figure 2-1. Standardization of Terms Used in Respiratory Ptiysiolog} 



Measurements of all lung volumes and capac- 
ities can be made willi a spirometer or similar 
calibrated recording device. The values given 
for the lung volumes and capacities are approx- 
imations only. The values are affected by the 
age, sex, height, and weight of the subject and 
more accurate values may be calculated for in- 
dividual subjects by using regression formulas 
which take these variables into account. When 
regression formulas are used to predict the nor- 
mal values, the results are often given as "Per- 
cent of predicted normal." 

Knowledge of pulmonary physiology has in- 
creased rapidly in recent years, A significant 
number of recent advances have resulted from 
research in Aviation Medicine. A brief summary 
of some important concepts follows. The major 
physiologic functions of the lungs can be 
grouped under three main headings — ventil- 
tion, diffusion, and perfusion. 

1. Ventilation may be defined as the mass 
movement of air in and out of the lungs or as 
the process by which alveolar air is constanliy 
diluted by atmospheric air. Adequate ventilation 
is dependent upon the creation of a pressure 
gradient between the alveoli and the external 
atmosphere by the bellows action of the chest 
and diaphragni acting upon the lung. The pat- 
ency of the airways, the integrity of the "respira- 



tory center" in the medulla, the strength of the 
intercostal and abdominal muscles and of the 
diaphragm are important factors in the mainte- 
nance of adequate ventilation. In addition, even 
dislribution of the inspired gases throughout the 
lung is of great importance. 

The presence of secretions, bronchial or bron- 
chiolar narrowing, or of masses occluding some 
of the airways will cause the alveoli to be un- 
evenly ventilated. Some will be normally venti- 
lated or hyperventilated, and others will be 
under-ventilated. Uneven distribution of in- 
spired air may cause the lung to function as a 
group of compartments, each ventilating at its 
own rate. For example, about 50% of normal 
people show relatively slow ventilation of a 
lung compartment equalling 10% to 50% of the 
functional residual capacity. In individuals with 
severe obstructive emphysema, as much as two- 
thirds of the functional residual capacity may 
receive only 10% of the total ventilation. 

2. Diffusion of gases across the alveolar- 
capillary wall refers to the mechanisms by which 
the respiratory gases are transferred from the 
alveolar air to the blood in the pulmonary capil- 
laries and vice versa. Carbon dioxide deffuses 
rapidly across the alveolar wall about 25 times 
as rapidly as oxygen. However, the presisure 
gradient of oxygen across the alveolar Wall is 
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about 25 times as great as the pressure gradient 
of CO2. The presence of fibrosis, granuloma, 
edema, or exudate in tlie alveoH, or in die 
alveolar-capillaiy wall interferes markedly with 
the proeess of diffiasion and may result in hy- 
poxia or CO2 retention or both. Certain types 
of diffusion abnormalities such as granulomatous 
involvement of tlie alveolar wall in pulmonary 
sarcoidosis are referred to as "alveolar-capiUary 
block syndroines.'* 

In diseases leading to abnormalities of diffu- 
sion, oxygen diffusion is generally impaired 
earlier and to a ^eater degfeis than is CO2 dif- 
fusion. This is due chiefly to two factors. The 
first is the much greater diffusibility of CO2 
across the alveolar-capillary membrane. Thus by 
means of increasing the minute volume of venti- 
lation, noTItially functioning areas of lung may 
compensate for CO2 retention in diseased areas. 
The second factor is the difference between the 
nieafis by which CO2 and Oa are transported 
in the blood. Due to the relatively flat nature 
of the oxyhemoglobin dissociation curve in the 
physiologic range, large increases in veijtilatibn 
make little or no difference in oxygen satura- 
tion, (See Figure 2-2.) 

3. Perfusion of blood through the lung capil- 
laries is not always uniform, even in normal in- 
dividuals. In various disease states blood flow 
through the lung may vary greatly from one 
area to another. Uneven perfusion of the lungs 
with blood may become a vary serious matter 
when combined with uneven ventilation of the 
lung. Some areas of lung may be well ventilated 
but poorly perfused. These areas merely in- 
crease the dead space and do not contribute to 
gas escchange. Other areas may be VfeTl perfuSied 
but poorly ventilated. These areas act virtual- 
ly as right-to-left vascular shunts since the 
blood flowing through them retains its ?peii(Jus 
character. 

Minor disturbances of ventilation-perfusion 
relationships may occur during flight when "G" 
forces act on the lung during acceleration caus- 
ing reiSistribution of the blood flow to the lungs. 
For example, during exposure to footward G 
forces, the lower lobes would become some- 
what engorged. During exposure to headward 
G forces, the apical regions would becoBiB en- 
gorged. 

Composition of Respired Air 

Dry atmospheric air contains 20.94% oxygen, 
79.03% nitrogen, and 0.03% carbon dioxide by 
volume. Included with the nitrogen are small 
amounts of rare gases which have no physiolog- 
ical signifidance. The relative percentage com- 
position of dry atmospheric air does not vary 



appreciably with altitudes up to 70,000 feet. 
Hiere are no significant variations with latitude. 

Quantities of gas at various altitudes ex- 
pressed in percentages of the atmosphere have 
little significance, for percentage repfesents the 
relative volume of a gas and not its molecular 
concentration. Since molecular concentration 
determines the avaflftbility of the ga® to the 
body, the actual concentration of any gas can be 
expressed better in terms of "partial pressure." 

The partial pressure of a gas, in a mixture of 
gases not interacting with one another, is equal 
to that Whleh tile particular gas would exert did 
it alone occupy the space taken up by the mix- 
ture (Dalton's Law), The "total pressure" of a 
mixture of gases is, therefore, the sum of the 
pressures of the individual gases comprising the 
mixture. For moist air, this law can be repre- 
sented by the formula: 

B ^pOa +pN2 +p CO2 + pHgO 
where B is the total barometric pressure, and 
pOa, pN2, pCOo, and PH2O are the partial pres- 
sures of oxygen, nitrogen, carbon dioxide, and 
water, respectively. 

The total standard pressure (barometric pres- 
sure) of the atmosphere at sea level is 760 mm 
Hg (14.7 psi). When the air is assumed to be 
dry, the partial pressure exerted by ojfygen 
at sea level is 

20.94 

— — X760=159mm Hg (3.1 psi). 

The partial f resOTe exerted by nitrogen at 
sea level is 

79.03 

-|^x 760=601 mm Hg (11.6 psi). 

The partial pressures of the other gases may 
be similarly calculated. 

Table 2-1 summarizes the characteristics of 
the atmosphere at various altitudes. 

Composition of Ptilmdtiary Air 

The atmospheric air that is drawn through 
the nasal passages into the trachea becomes 
saturated with water vapor. Furthermore, it 
mixes with the alveolar air. In the alveoli one 
must visualize an interface across which gaseous 
interchange oeem^ between the air preii'iously 
present in the alveoli and that which has new- 
ly entered. The newly entered air "yields" oxy- 
gen and "receives" carbon dioxide whereas that 
already present in the alveoh "receives" oxygen 
and "yields" carbon dioxide. Therefore, expired 
air contains le.ss oxygen and more carbon diox- 
ide than does inspired air. Expired air does not 
give a true picture of the conditiQiis ^at exist 
in the alveoli, since it is a mixture of air from 
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Table 2-1. Pressure In MHUmeters of Mercur} iind Lbs. per Sq. Inch 



Altitude (Feet) 


Pressure 


mm Hi 


p. s. [. 


0 






500 






1000 


732.9 


14.17 


1500 


719.7 


13.92 




706.6 


13.66 


2500 


R<t^ ft 




3000 


ooi.J. 


13.17 


3500 


668 6 


12!93 


4000 


656.3 


12.69 




644.2 


12.46 


5000 






5500 






6000 


609 0 


11 78 


6500 


597.6 


11.55 


7nnn 


586.4 


11.34 


7500 




li.lil 


8000 




in Qi 
iu.yi 


8500 




10.71 


9000 


543,2 


lo'so 


9500 


532'g 


10,30 


10000 


522.6 


10.11 


10500 


512.5 


9.91 


1 1000 




Q 79 


11500 


492.8 


9.53 


12000 


4g3'3 


9I35 


12500 


ATS 0 
4/0.0 


QIC 


13000 


464.5 


8.30 
8.81 


13500 




14000 


446.4 


863 


145UU 


437,5 


8.46 


15000 






15500 




0.10 


16000 


411 8 


7.96 


16500 


403.5 


7.80 


ivnnn 


395.3 


7.64 


17500 


387 3 


7.49 


18000 


379.4 


7 34 


18500 


3717 


7!l9 


IbUUO 


364.0 


7.04 


iqsnn 


356.5 


6.89 


20UU0 




6.75 


20500 




O.DX 


21000 


334.6 


6,47 


21500 


327,6 


6.33 




320.8 


6.20 


22500 


m n 


U.v/ 


23000 


W4 

JU/ .4 


■I'M 


23500 


300.8 


5.82 


24000 


294.4 


5.70 




288.0 


5.57 


25000 


281.8 


5.45 


25500 


775 R 


5.33 


ioOUO 


269.8 


5^22 




263.8 


5.10 


27000 


258.0 


4.99 


27500 


252.4 


4.88 


28000 


246.8 


4.77 


28500 


241.4 


4.67 


29000 


236.0 


4.56 


29500 


230.6 


4.46 


30000 


225.6 


4.36 


■30500 


220.4 


4.26 


31000 


215.4 


4.17 


31500 


210.4 


4.07 


32000 


205.6 


3.98 



Altitude (Feet) 


Pressure 


mm Hg 


p. s, i. 


32500 


201.0 


3.89 


33000 


196.3 


3.80 


33500 


IQl St 
131.0 


% 71 


34000 


187.3 


3.62 


34500 


1^.0 


3,54 


3^000 


i/o,/ 


J.4o 


35500 


1/4,4 


6.6f 


36000 


170 3 


3 29 


36500 


166!3 


3^22 


J/ UUU 


162.4 


3.14 


37500 


158.6 


3.07 


jsOOO 


154 8 




JSaUU 


15L2 


2.92 


iyuuu 


147.5 


2.85 


'?<)5nn 


144.1 


2.79 


4U00U 


140.7 


2.72 


40500 


137.4 


2.66 


41000 


134^1 


2^59 


41500 


131.0 


2.53 




127.9 


2.47 


42500 


174 t) 


7 A7 


43000 


171 q 


7 


43500 


119.0 


2.30 


44000 


116.2 


2.25 




113.5 


2.19 


45000 


110.9 


7 11 
t.it 


45500 


108.2 


2 09 


46000 


105^6 


2^04 


46500 


103.1 


1.99 




100.7 


1.95 


47500 


98.3 


1.90 


48000 


96 0 


1 86 


48500 


93.7 


l!81 


4yuuu 


91.5 


1.77 


49500 


89.4 


1.73 


cnnnn 
5UUUU 


87.3 


1.69 


cncnrt 
dUdUu 


85 2 


1 65 


alUUU 


83^2 


l!61 


oiDUu 


81.2 


1.57 


52000 


79.3 


1.53 


5^3Uv 


77.4 


1.50 


SoUUu 


756 


146 




73^8 


1.43 


94UUU 


72.1 


1.39 


54S0D 


70.4 


1.36 


93D0O 


00.0 




9330U 


67.1 


i 30 


abOUu 


65^5 


L27 


5650O 


64.0 


1.24 




62.4 


1.21 


57500 


61.0 


1.18 


58000 


59 5 


1.15 


O80UO 


58! 1 


U2 


□yuuu 


56.8 


1.10 


5950O 


55.4 


1.07 


60000 


54.1 


1.05 


60500 


52.8 


1.02 


6 1000 


51.6 


0.998 


61500 


50,4 


0.975 


62000 


49.2 


0.951 


62500 


48.0 


0,928 


63000 


46.9 


0.907 


63500 


45.8 


0.886 


64000 


44.7 


0.864 


64500 


43.6 


0.843 



Altitude (Feet) 


Prvnra 


mm Hg 


Ih/fP 


66000 


40.6 


113,2 


68000 


36.9 


102.9 


70000 


33.6 


93.52 


72000 


304 


85 01 


74000 


27.7 


77!26 


76000 


25.2 


70.22 


78000 


22.9 


63,8 


80000 


20.8 


58.01 


82000 


18 9 


52 72 


84000 


17^2 


47^91 


86000 


15.6 


43.55 


88000 


14.2 


39.59 


90000 


12.9 


35.95 


92000 


11.7 


32.7 


94000 


10.7 


29.71 


96000 


9.7 


27.02 


98000 


8.8 


24.55 


100000 


8.0 


22.31 


110000 


5.0 


13.92 


120000 


3,24 


9.026 


130000 


2,18 


6,071 


140000 


1,51 


4,213 


150000 


LOS 


3,003 


160000 


0.787 


2.190 


170000 


0.583 


1.624 


180000 


0.433 


1.206 



Altitude (Feet) 


Pressure 


Microns Hg 




190000 


32Ii 


0,8956 


200000 


238i 


0.6645 


210000 


174.9 


0.4869 


220000 


125.9 


0,3504 


230000 


88.69 


0.2470 


240000 


61.02 


0.1699 


250000 


40,9 


0.1139 


260000 


26.65 


0.07422 



Day Pressure Only 
Gravity Constant 



270000 


17.34 


0.04829 


280000 


11.49 


0.03200 


290000 


7.843 


0.02184 


300000 


5.493 


0.01530 



Sources of Data: 

0—80,000 Brombacher Tables 

NACA Report Ho. S38, 1935 

80,000-300,000 NACA Tech Note 

No. 1200, January 1947 

Conversion Factors: 

1 mm Hg = 0.019339 p. s. i. 
1 p, s. i.= 51.715 mm Hg^ 
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Table 2-2. Alveolar Air at Equivalent Altitudes, Breathing Air and Breathing 106% Oxygen 













Alveolar Air 


Breathing Air 


Breathing 100^ Os 






HiO Vapor 


Barometric 


Altitude 


Barometric 


Altitude 


Tension 


Tension 


TeitiilDn 


Pressure 


Feet 


Pfessurt 


Feet 


mm Uff 
IJIIII nj^ 


mm Hff 


III III ng 


mm Utf 
mill riK 




mm Uff 

ill III 




103 


40.0 


47 


760 


0 


190 


33,700 


81 


37.5 


47 


632 


5,000 


166 


36,000 


61 


35.5 


47 


523 


10,000 


144 


39,500 


41 


32.5 


47 


429 


15,000 


125 


42,500 


38 


31.0 


47 


380 


18,000 


116 


44,00Q 


35 


30.0 


47 


349 


20,000 


112 


44,800 


(*Means of measurements made by Lutz and Schneider, and by Boothby, Levelaoe, and Benson.) 



the alveoli and from the dead space. The partial 
pressure of oxygen in the alveoli is the signifi- 
cant factor for the body, for it is this measure 
that determines how much oxygen reaches the 
blood. The partial pressures of the gases in the 
alveoh at sea level and at various altitudes when 
breathing air and when brfiatiiing 100% o^^ea. 
are shown in Table 2-2, 

When man is breathing pure oxygen at 33,700 
feet, the partial pressure of oxygen in the al- 
veoh is the same as the pressure at sea level 
when breathing air. Above 34,000 feet, tiie par- 
tial pressuie of oxygen in the lungs begins to 
fall below the pressure at sea level, even though 
100% oxygen is breathed. At altitudes greater 
than 40,000 feet, the partial pressure of oxygen 
decreases rapidly and falls below the limit that 
maintains the body in a physiologically safe con- 
dition. The critical altitude, where the atmos- 
pherie pressure drops to 87 mm Hg, is at 50,000 
feet. This is the altitude at which the ambient 
pressure, even with 100% oxygen, no longer 
makes any contribution to the respfratory needs 
of man. 

The pressure of oxygen in the alveoli varies 
with the percentage of oxygen in the inspired 



air and the barometric pressure, and is, con- 
sequently, subject to variations as either of these 
two factors changes. The carbon dioxide ten- 
sion will decrease as the individual begins to 
hyperventilate with the onset of hypoxia, but 
the range of variation is small compared to the 
extensive ehaLOges in cdveolar oxygen tension. 
The water vapor in the alveolar air remains 
constant. At sea level, the alveolar partial pres- 
sures of breathing air are as follows: 

pO2=103 mm Hg; 
pCO2=40mm Hg; 
pHaO— 47 mm Hg; and 
pN2=570 mm Hg. 

At sea level, the combined pressure of pC02 

87 

and pHaO is 87 mm Hg and occupies -— — 

760 

11% of the lung volume; oxygen occupies 
103 

— — or 14%; and nitrogen, 75%. 

At 18,000 feet pCO^ equals 31 mm Hg, pHaO 
remains 47 mm Hg, and the barometric presswe 
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is 380 mm Hg, At this level, or 21% of 

380 

the lung vohimc is occupied by carbon dioxide 
and water vapor. 

At 38,000 feet with the carbon dioxide ten- 
sion reduced to the low level of 30 mm Hg, 
which would represent hypocapnia, the volume 
occupied by carbon dioxide and water vapor 

30+47 

would be' or S0% of the lung volume. 

155 

With ascent, the volume occupied by carbon 
dioxide and water vapor in the alveoli increases, 
thus reducing the volume occupied by oxygen. 
At an altitude of 50,000 ft. the alveoli can no 
longer contain an adequate oxygen tension to 
sustain life even when breathing 100% 03cygen, 
At 63,000 ft, the ambient pressure is 47 mm Hg 
which is equal to the water vapor pressure in 
the body (at normal body temperature). It is 
at this altitude that tissue fluids of an unpro- 
tected individual would boil (at normal body 
temperature). Conventional pressure demand 
oxygen systems are used normally to altitudes 
of 43,000 ft., and for emergencies to 50,000 ft. 
for short periods. Above 40,000 ft. this system 
delivers 100% oxygen under pressure, the mag- 
nitude of which varies with altitudes as indi- 
cated in Table 2-3, 

At extreme altitudes the pressure required 
to maintain a safe physiological condition ex- 
ceeds that tolerated by the lungs. To prevent 
the effects of .such bigl: pressures equivalent 
external pressure is required. By monitoring the 
eabin altitude below 40,000 ft. regardless of the 
ambient altitude, the need for positive pressure 
is eliminated; e.g., an aircraft with a pressxrre 
differential of 6.55 psi can fly at an ambient 
altitude of 63,000 ft. with a cabin altitude of 
approximately 20,000 ft. The chief disadvantage 



of cabin pressurization is the possibility of de- 
compression at altitude. For example, if the 
aircrew member was decompressed from a 
cabin altitude of 20,000 ft. to 63,000 ft. he would 
require a system that would furnish adequate 
lung and counter pressures. The solution to this 
problem is the pressure suit. 

Oxygen Transport and Tissue 
Phase of Respirotion 

The quantity of gas that goes into solution, 
temperature remaining constant, is proportional 
to the partial pressure of the gas concerned 
( Henr/s law ) . Far greater quantities of oxygen 
and carbon dioxide are carried in the blood than 
could be present in simple solution in the plas- 
ma. At sea level, when air is breathed, only 
0.24 cc of oxygen and 2.5 ec of carbon dioxide 
could be carried in 100 cc of blood in simple 
solution. However, under tlie same conditions, 
100 cc of blood actuaUy contains about 18 to 20 
ec of oxygen and 40 to 50 cc of carbon dioxide. 
This is 100 times the amount of oxygen and 20 
times the amount of carbon dioxide that would 
be carried in simple solution. The ability of the 
blood to carry such a great load of oxygen is 
duel to the hemoglobin contained in the red 
blood cells. Carbon dioxide is carried largely in 
the form of bicarbonate ions in the plasma and 
in the red blood cells. 

Oxygen combines reversibly with hemoglobin 
in a unique manner to form oxyhemoglobin. 
This is discussed in connection with the curves 
o£ dissociation of oxyhemoglobin in Figure 2-2. 

The combination of hemoglobin with oxygen 
is influenced by the partial pressure of oxygen 
in the surrounding medium. This has a direct 
efifect on the amount of osfygen delivered to 
the tissues of the body at various altitudes. 

It is noted that as the partial pressure of 
oxygen is lowered, little oxygen is released from 



Table 2-i. 



Altitude 

(Feel) 


Barometric 
Pressure (mm Hg.) 


Tracheal PO2 
100 Percent O2 
(mm Hg.) 


Breathing Press. 
Using Standard 
USAF Oxygen 
Equipment 
(mm Hg.) 


Tracheal pO? 
Using Standard 
USAF Oxygen 

Equipmeni 
(D-2 Regulator) 


40,000 


141 


94 


3 


97 


43,000 


122 


75 


11-14 


86-89 


45,000 


111 


64 


15-18 


79-81 


48,000 


S6 


49 


23 


72 


50,000 


87 


40 


30 


70 



2-6 



FLIGHT SURGEON S MANUAL 



SAWftON 




—I JC ^_ 




'fH-7Ji 


pH =7.4 


pH-7.2' 


2 


1.7 


2J 




4 


3.0 


3i 


is 


6 


4.4 


5.S 


a,. 


10 


6.5 


U- 


lis 


a 




10,9 




so 


10.7 


114 




30 


14.2 


17.9 


22.1 


40 


17.5 


22.0 


27.1 


50 


20.9 


2E.3 


32.3 


GO 


24.7 


31.1 


38.2 


70 


28.7 


3C.1 


44,3 


80 


J6.3 


45.7 


56.2 


85 


41.1 


51.7 


63,6 


90 


43.7 


61.4 


77,2 


94 


59.5 


710 


92.1 


96 


€9.7 


87.7 


108,0 


98 


89,8 


113,0 


139,0 



40- 



M„ .70 



100 



no 



120 



130 



Figure 2-2. Oxygejit di$siffle1atfan Curm tor Mnman ttload 



hemoglobin until a partial pressure of 40 mm 
Hg is attained (Fig. 2-2 O3 dissociation curve, 
pH 7.4). At this point a rapid evolution of 
oxygen commences and continues until 0 mm 
Hg is reached. The same observation can be 
made in the reverse direction, i.e., the greatest 
absorption takes place between 0 and 40 mm 

The oxygen carrying capacity of hemoglo- 
bin is very sensitive to changes in the pH of 
the blood ( Bohr effect ) as is apparent in Figure 
2-2. For example, take an oxygen tension of 50 
mm Hg: at pH 7.2 the oxygen saturation is 
75%, while at pH 7.6 the oxygen saturation is 
90%. Carbon dioxide plays the major role in 
controlling pH. In venous blood the carbon diox- 
ide tension is high and the pH is low, while 
in arterial blood the carbon dioxide is less as 
a result of discharge of carbon dioxide into the 
alveolar air. The arterial blood, consequent!}-, 
has a higher pH and can carry more oxygen 
than would be possible without this change in 
pH and with the same alveolar oxygen tension. 
In the tissues the reverse situation obtains. Here 
the carbon dioxide tension is increased and the 
oxygen tension decreased relative to the arterial 
blood. Therefore, oxygen leaves the blood and 
carbon dioxide enters with a drop in pH, fur- 



ther aiding the release o{ <Myg&n from the 
blood. 

Figure 2-3 is a composite picture of both 
]iliase,s of respiration at rest with the values of 
the gases involved at ground level. Hypoxia, 
discussed later, may result from a deficiency in 
eithea: of tbe two phases of respiration. 

Control of Ventilation 

The control of respiratory f^te and depth is 
rather complicated, but tw^ m the important 
factors that influence the process are the chemi- 
cal and psychic stimuli. An individual at rest 
ordinarily breathes at a rate of 12 to 16 times 
per minute with no conscious efiFort. The result 
is an exchange of 6 to 8 liters per minute 
(minute respiratory volume). With exercise 
there is an Increased demand for oxygen and for 
elimination of carbon dioxide. The body re- 
sponds to this demand by an increase in ventila- 
tion and cardiac output Figure 2-4 illustrates 
the changes in ventilation during work at 
ground level and altitudes up to 40,000 feet, 
while the subject breathes from an oxygen 
system. 

The minute respiratory volume does not 
change significantly with altitude up to 30,000 
feet in the resting subject, but each increase in 
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Figure 2-3. Phases of Respiration 



2-8 



FLIGHT SURGEON'S MANUAL 



work load causes a rise in ventilation. Note that 
the curve remains rather constant for each work 
load up to 30,000 feet, and then there is a 
marked rise in ventilation between 30,000 and 
40,000 feet. At 40,000 feet, even though 100% 
oxygen is breathed, the barometric pressure is 
so low that the alveolar oxygen tension is the 
same as at 10,000 feet while breathing ambient 
air, (The disproportionate rise in minute res- 
piratory volume for a given work load at 40,000 
feet with the subject breathing 100% oxygen 
can be related to hypoxia,) 

Measurements taken on bomber crews and 
fighter pilots during flight showed minute res- 
piratory volumes in the range of 7 to 15 liters per 
minute during periods of relative inactivity, the 
average being 12 liters per minute. When the 
subjects were active, the measurements ranged 
from 12 to 60 liters per minute, with an aver- 
age of 25 liters per minute. 

At sea level, the arterial blood is normally 
93% to 98% saturated with oxygen and tibere- 
fore oxygen lack (hypoxia) does not contribute 
in any degree to maintaining respiration. Rather, 
carbon dioxide and the pH of the arterial blood 
plays the major chemical role in regulating res- 
piration under normal conditions at ground 
level. The S-shaped oxyhemoglobin dissocia- 
tion curve in Figure 2-2 indicates that, at con- 
stant pH, at a high oxygen tension of arterial 
blood (which is the case at ground level) even 
a considerable decrease in tension will only 
cause a minor decrease in per cent arterial oxy- 
gen saturation. On the other hand, the carbon 
dioxide tension in tJie arterial blood is directly 
proportional to the alveolar carbon dioxide ten- 
sion, so that small fluctuations are sufficient to 
cause an appropriate change in ventilation be- 
fore the per cent arterial oxygen saturation has 
been significantly altered. 

With ascent to an altitude above 10,000 feet, 

however, the oxygen tension of the inspired air 
is reduced so that hypoxia becomes a stimulus 
to respiration. With the low alveolar oxygen 
tension of higher altitudes, a minor change in 
tension causes a considerable fall in per cent 
arterial oxygen saturation without a change in 
carbon dioxide tension. Oxygen lack acts on the 
respiratory center reflexly trough the chemore- 
ceptors to increase respiration. As a consequence, 
excessive carbon dioxide is blown off and hypo- 
capnia results. The clinical picture is the same 
as that seen in anxious people who hyperventi- 
late. This is t^iaractierized by light-headedness, 
palpitation, and paresthesias of the extremities 
and perioral area. If the hyperventilation per- 
sists for a long enough period, unconsciousness 
and/or carpopedal spasm may occur, and the 



patient frequently is not aware of overbreathing 
and actually complains of a sensation of stifling. 
This is not a surprising group of symptoms, 
since a decrease in arterial carbon dioxide ten- 
sion has been shown to cause marked shifts in 
blood pH, causing respiratory alkalosis, This 
results in decreased cerebral blood flow and 
changes the EEC pattern. 

Obviously, hyperventilation may become of 
considerable importance during flight. The low- 
ering of the arterial blood carbon dioxide ten- 
sion also tends to decrease ventilation so that 
the effort to compensate for hypoxia caused by 
high altitudes is limited and in many ways un- 
desirable. 

The Pattern of Respiration and 
its Significance 

Inhalation in the normal resting subject is an 
active movement, while exhalation is almost 
wholly passive. During exercise, not only do the 
rate and volume of respiration change, but so 
does the pattern. This difference is illustrated 
in Figure 2-5, During a single inspiration of a 
resting individual, the "instantaneous flow rate" 
increases from zero, at the beginning, to 20 or 
30 liters per minute near the mid-point of in- 
spiration and returns to zero at the end. An 
individual who is exercising moderately may 
have a minute respiratory volume of 25 to 45 
liters per minute and an instantaneous flow rate 
as high as 65 to 90 liters per minute. In general, 
to obtain the approximate maximal inspiratory 
or peak flow rates, minute respiratory volume 
(stated as STP) may be multiplied by 3.7 for 
a subject at rest and by 2.8 for an individual who 
is exercising. 

Hypoxia 

Altitude sickness in aviation is a syndrome that 
is usually acute and results from inadequate 
oxygenation of tissues secondary to a decreased 
partial pressure of oxygen in the inspired air. 
A synonym, anoxia, meaning literally "without 
oxygen," is sometimes used to denote a deficien- 
cy rather than a lack of oxygen in the tissues. 
It would be more exact to use the term "hypox- 
ia," for even in cases of acute altitude sicJcness, 
the tissues are never entirely without oxygen. 

Classification of hypoxia. There are gen- 
erally four difi^erent classifications of hypoxia: 
1. Hypoxic Hypoxia is caused by a decrease of 
the O2 pressure in the insjrired air or in the 
lungs, or that caused by conditions which pre- 
vent or interfere with the diffusion of O2 across 
the alveolar membrane is termed hypoxic hy- 
poxia. Examples of hypoxic hypoxia are: (1) a 
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reduced atmospheric pressure and therefore a 
reduced alveolar pOa, as occurs at altitude; 
(2) interference with respiration, as occurs in 
asthma (where the tracheal or bronchiole carti- 
lage is constricted thereby impeding proper lung 
ventilation), pneumonia (where the collection 
of fluid in the alveoU hinders O2 diffussion 
across the alveolar-capillary membrane) and 
obstruction of air passages, such as by tumors 
or strangulation; (3) arterial venous shunts, as 
occur in congenital cardiovascular cases. 
2. Hypemic or anemic hypoxia is caused by a 
reduction fa the capacity of the blood to cany a 
sufficient amount of oxygen because of a de- 
creased hemoglobin content, For example, 1 
Gm of hemoglobin normally carries 1.34 cc of 
oxygen, and a normal healthy man has the ca- 
pacity to transport 20 cc of oxygen per 100 cc 
of blood. If the same individual were wounded 
and his hemoglobin reduced by one half due to 
blood loss, then he could transport only 10 cc of 

80 n 



70 



50 

a 

g 40 



30 



20 



10 



0 



oxygen per 100 cc of blood. In the latter instance 
there may be insufficient oxygen for the tissues 
even though the blood is fully saturated with 
oxygen and no cyanosis is present. For cyanosis 
to occur, over 5 Gm of reduced hemoglobin per 
100 cc of blood must be present in the capil- 
laries of the skin. Carbon monoxide, nitrites, 
sulfa drugs, etc. cause the same type of hypoxia 
by forming stable compounds with hemoglobin 
and reducing the amount of hemoglobin avail- 
able to form oxyhemoglobin. 
3. Histotoxic Hypoxia ensues when the utiliza- 
tion of O2 by body tissues iS iiStgrifered 
with. Alcohol, narcotics and certain poisons, such 
as cyanide, interfere with the ability of the cells 
to make use of the O2 available to them even 
though the supply is normal in all respects. Dur- 
ing histotoxic hypoxia the venous 02-HHb sat- 
uration is higher than normal because the O2 
is not being unloaded to the tissues, which are 
unable to meluboBie^ the deliswiwd Qg* 




1 t 3 4 S- 



Second^ 

Figure 2-5. Chances In Respiratory Rate and Volume ifuiing Rest and Moderate Exercise 
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Altitude in feet 


Arterial oxygen 
saturation 
perewt 


BreatMimdr 


BfNlhlBK 100% oxysen 


Indifferent 


0-10 000 


34 000 to 39 OOO 


95 to 90 


Compensatory 


10,000-15,000 


39,000 to 42,500 


90 to 80 


Disturbance 


15,000-20,000 


42,500 to 44,800 


80 to 70 


Critical 


20,000-23,000 


44,800 to 45,500 


70 to 60 



Table 2-4. Stages of Hypoxia 



4. Stagnant Hypoxia, like hypemic hypoxia, is 
due to a malfunction of the circulatory system, 
but differs in certain respects. While the oxygen 
eartying capacity of the blood is adequate, there 
is an inadequate circulation of the blood. Such 
conditions as heart failure, arterial spasm, occlu- 
sion of a blood vessel, and the venous pooling 
encountered during positive G maneuvers would 
predispose to stagnant hypoxia. 

It is evident that all these forms of hypoxia 
may become problems in flight; but the most 
frequent and important type of hypoxia encoun- 
tered is that caused by breathing air with a low 
partial pressure o£ oxygen. The result is the 
syndrome of "mountain^ of "altitude" sickness^ 

Symptomatology of hypoxia. The appear- 
ance of the signs and the severity of the symp- 
toms of acute hypoxic hypoxia depend upon the 
following variables; 

1. Absolute altitude 

2. Rate of ascent 

3. Duration at altitude 

4. Ambient temperature 

5. Physical activity 

6. Individual factors: 

a. Inherent tolerance 

b. Physical fitness 

c. Emotionality 

d. Acclimatization. 

Although it might seem that the higher the 
altitude the more marked the symptoms, it has 
been observed that at rapid rates of ascent still 
higher altitudes can be reached before serious 
symptoms appear. Length of exposure is an im- 
portant variable. Thus, while an altitude of 
18,000 feet can be tolerated by most subjects 
for thirty minutes, symptoms are likely to appear 
much sooner. A high surrounding temperattire 
and physical exertion favor the development of 



symptoms at lower altitudes. Physical fitness and 
acclimatization from residence at high altitude 
raise an individual's "ceihng," while apprehen- 
sion and ladt of adequate physiological com- 
pensation by the respiratory and circulatory 
systems lower it. 

For convenience, the symptomatology of hy- 
poxia may be divided into stages related to the 
approximate pressure, tJie altitudes, and the 
oxygen saturations of the blood. As shown in 
Table 2-4, the stages of hypoxia are: 

1. Indiferent Mage, The only adverse effect is 
on dark adaption, which is manifest at altitudes 
as low as 5,000 feet. It emphasizes the need for 
oxygen from the ground up during night flights, 
especially in the case of fighter pilots. Electro- 
cardiographic changes may occur at altitudes as 
low as 5,000 feet; tbere is also an increase in 
the pulse rate. 

2. Ccmpensatory Stage. Physiological compen- 
sations may provide some defense against hypo- 
xia so that effects are latent unless the exposure 
is prolonged or unleiss exercise is undertaken. 
Respiration may increase in depth or slightly in 
rate. The pulse rate, the systolic blood pressure, 
the rate of circulation, and the cardiac output 
increase. 

3. Disturbance Stage. In this stage, lie phy- 
siological compensations do not suffice to provide 
adequate oxygen for the tissues, latent oxygen 
want becoming manifest. Subjective symptoms 
may include fatigue, lassitude, somnolence, diz- 
ziness, headache, breathlessness, and euphoria. 
Occasionally there are no subjective sensations 
up to the time of unconsciousness. Objective 
symptoms incJude: 

a. Special Senses. Both the peripheral and 
central vision are impaired and visual acuity 
is diminished. Extraocular muscles are weak and 
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Figure 2-G. Oxygen Saturation (Percent ef Capacity) ef Arterial Blood and Range of Performance 
at Various Altitudes in Subjects Breatliing Air and in Subjects Breathing Oxygen 



incoordinate, and the range of accommodation 
is decreased. Touch and pain are diminished 
or lost. Hearing is one of the last senses to be 
impaired or lost. 

b. Mental Processes. Intellectual impairment 
is an early sign and makes it impossible for the 
individual to comprehend his own disability. 
Thinking is slow, and calculations of a navigator 
or bombardier are unreliable. Memory is faulty, 
particularly for events in the immediate past. 
Judgment is poor. Reaction time is delayed. 

c. Personality Traits. There may be a release 
of basic personality traits and emotions as with 
alcoholic intoxication. There may be euphoria, 
elation, pugnaciousness, overconfldence, or mo- 
roseness. 

d. Psychomotor Functions. Muscular coordi- 
nation is decreased, and delicate or fine muscu- 
lar movements may be impossible. This results 
in stammering, illegible handwriting, and poor 
coordination in aerobatics and in formation 
flying. 

e. Hyperventilation Syndrome. 

f. Cyanosis. 

4. Critical Stage. This is the stage in which 
consciousness is lost. This may be the result of 
circulatory failure ("fainter") or of central nerv- 
ous system failure ("nonfainter," unconscious- 
ness with maintenance of blood pressure). The 
former is more common with prolonged hypoxia, 
the latter with acute hypoxia. With either type 
there may be convulsions and eventual failure 
of the respiratory center. 



Symptoms of hypoxia. Headache and le- 
thargy are common complaints after a prolonged 
X>eriod of severe hypoxia. The headache is of 
general distribution, but is particularly acute in 
the frontal region. The best cure is sleep; but 
the administration of 100% oxygen is advisable 
if headache is severe. These symptoms have 
been explained on the basis of edema of the 
tissues, particularly the cerebral tissues, as a 
consequence of an increased permeability of the 
capillaries caused by the hypoxia. Nausea, vom- 
iting, and severe prostration may also occur but 
these usually clear up in 24 to 48 hours. Perma- 
nent cerebral damage resulting from hypoxia 
has been comparatively rare, with only a few 
authenticated cases on record. 

Individual variation in the ability to with- 
stand hypoxia is considerable and accounts for 
variations in "ceiling." A large part of the toler- 
ance is based on the adequacy of physiological 
adjustments, especially in breathing. The imme- 
diate result of deeper breathing is an increase 
of pressure of oxygen in the lungs and increased 
alkalinity of the blood. The latter favors uptake 
of oxygen by the hemoglobin. At such extreme 
altitudes as 40,000 feet, where 100% oxygen 
must be breathed, the pressure in the alveoli 
equals the sum of the partial pressures exerted 
by water vapor, carbon dioxide, and oxygen. 
The pressure of the water vapor is relatively 
constant, tending to correspond to a saturated 
state of 37°C. Consequently, lowering of the 
partial pressure of carbon dioxide, such as occurs 
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in deep breathing, will increase the partial pres- 
sure of oxygen in the lungs by an approximately 
equivalent amount. 

Inexperienced personnel collapse more fre- 
quently at intermediate altitudes than do ex- 
perienced individuals. The factors involved in 
such collapse are primarily psychogenic. The 
hyperventilation produced by hypoxia ordinari- 
ly lowers alveolar carbon dioxide enough to pro- 
duce only minor symptoms, such, as dizziness, 
but It does not have more serious eflfects. How- 
ever, an individual who is apprehensive may 
hyperventilate to a greater extent and produce 
a degree of hypoeapnia associated with more 
marked symptoms. Such hypoeapnia, added to 
the splanchnic vasodilation, which is a not in- 
frequent response to fear, may bring about 
collapse. 

Phophylaxis and treatment of hypoxic 
HYPOXIA. The treatment for hypoxia consists 
in giving 100% oxygen by inhalation. If respira- 
tion has ceased, artificial respiration along with 
the simultaneous use of 100% oxygen is indi- 
cated. If peripheral circulatory failure persists, 
the type must be determined and treatment 
given accordingly. 

The prevention of hyperventilation in flying 
personnel is largely a matter or indoctrination. 
This is accomplished by instructing personnel 
in the proper use of USAF oxygen equipment. 
The principal types of this equipment are des- 
cribed and illustrated on the following pages. 

Recovery from hypoxia is rapid when suffi- 
cient oxygen is supplied. An individual on the 
threshold of unconsciousness may regain his full 
faculties within 15 seconds after he receives an 
abundance of oxygen. Experience has shown 
that if a hypoxic patient breathes deeply of oxy- 
gen, he may occasionally ecperiKtee a flash of 
dizziness, but this passes immediately and is 
followed by complete restoration of normal 
function. 

Pressure Breafhing 

In order to prevent the effects of hypoxia 
above 40,000 feet, some method of increasing 
the partial pressure of alveolar oxygen must be 
used, One method is positive pressure breath- 
ing by using an oxygen system that delivers 
100% oxygen at greater than ambient pressures. 
Special pressure breathing regulators, mask, and 
mask valves are required. 

In continuous positive pressure breathing the 
mechanisms of breathing become more difficult 
at increasingly higher pressures. The normal 
phenomena of active inspiration and passive ex- 
piration must be changed to a passive inspira- 



tion and a very active expiration. Intermittent 
positive pressure breathing partially compen- 
sates for this change in breathing mechanics by 
using a regulator which deli-\'ers oxygen under 
pressure only during inspiration. Therefore, both 
inspiration and expiration become passive phe- 
nomena. This quite commonly leads to a symp- 
tomatic hyperventilation which is one of tibe 
major disadvantages of intermittent positive 
pressure breathing. 

The mean mask pressure of oxygen must al- 
ways be discussed when considering pressure 
breathing. This refers to the average pressure 
of oxygen at the mask over one complete res- 
piratory cycle. The highest mean mask pressure 
of oxygen offers the best physiological protection 
against hypoxic hypoxia. Continuous positive 
pressure breathing will deliver a mean mask 
pressure of oxygen nearly equivalent to the pres- 
sure delivered by the regulator. Intermittent 
positive pressure breathing will deliver only 
one-third to one-half the peak mask pressure. 
Therefore, the highest mean mask pressure of 
oxygen is obtained with continuous positive 
pressure breathing. 

The efficiency witii whidi the continuous 
positive pressure can be accepted also depends 
on the subjective response. If a rapid inspirat- 
tion is followed by a prolonged expiration, the 
mean mask pressure of oxygen will be somewhat 
higher but there will also be an increase in the 
inti-athoracic pressure. This will restrict the nor- 
mal flow of blood through tire lungs and result 
in an increased venous pressure. If the breath- 
ing pattern is changed to a prolonged inspira- 
tion followed by a rapid expiration, the mean 
mask pressure of oxygen will be slightly lowered 
but the av^age intrathoracic pressure will be 
considerably reduced. This will allow higher 
pressures of oxygen to be used without the un- 
desirable circulatory effects. 

From 15-30 mm Hg pressure (8-15 inches 

water) pressure breathing can be continued for 
a limited period. Above 30 mm Hg pressure, 
it has been shown that besides fatigue caused 
by pressure breathing at these higher levels, 
other symptoms may occur. At these pressures, 
subjects commonly complain of being overin- 
flated and concurrently a feehng of congestion 
in the region of the frontal sinuses. At higher 
pressures there may be pain occurring in the 
ears and in the posterior pharynx as a result 
of overdistension. 

This pain in the posterior pharynx has com- 
monly been the cause for termination when 
attempts were macld to pressure breatib 60 mm 
Hg. At pressures between 60 and 100 mm Hg 
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TIME OF CONSCIOUSNESS (SECONDS) 



A. BENZINGER - 100% Oxygen at ambient pressure 

(rapid decompression from 40,000 ft.) 

B. HALL - Air breathing (masl( removal at altitude) 

e. WILSON and COMFORT - Air breathing 

{rapid decompressiofi from 10,000 ft.) 



FigiirB2-7. TImetrl Donsicii)ii£nes!> VdHi Varying Types of Exposure at High Aititude 



there is a likelihood of parenchymal lung damage 
secondary to overexpansion unless counterpres- 
surization is applied. Perhaps the greatest limi- 
tation to pressure breathing is the effects on the 
cardiovascular system. Increasing the intrathor- 
acic pressure by pressure breathing results in 
an increased intrapleural pressure which tends 
to compress lung tissue. This offers considerable 
resistance to the flow of blood through Hie lungs 
which in turn increases the venous pressure. As 
a result, cardiac output is decreased and a 
poolta-g of blood occurs in the lower extremities, 
but iBDre extensively in the larger vessels in 
the abdomen. 

It is known that blood displacement by pres- 
sure breathing may lead to a loss of conscious- 
ness. Hiis effect upon the cardiovascular system 
is the greatest limiting factor in pressure breath- 
ing. Therefore, to have flights of any duration 
over 40,000 feet, it is necessary to pressurize 
the individual either by means of a counter- 
pressurization suit or a pressurized cabin. The 
latter has the advantage of making it possible 
to fly up to 50,000 feet without the continuous 
use of oxygm equipmeni^ provided the cabin 
pressure is kept under 10,000 feet (523 mm 



Hg). According to Air Force Regulation it is not 
permissible to fly above 50,000 feet rcgaidloss 
of cabin altitude unless the subject is protected 
by a couiiterpfesSurization suit. 

There has to be a compromise in cabin pres- 
surization for mechanical and physiological rea- 
sons. The differential between cabin pressure 
and ambient pressure cannot be great enough 
to give the ideal situation. Therefore, the greater 
the aircraft altitude flxe higher the cabin alti- 
tude. There is still an advantage if the cabin 
pressure altitude is maintained below 40,000 
feet since positive pressure breathing will not be 
required and bends will be less frequent. It is 
particularly desirous to keep the cabin altitude 
below 34,000 feet since brealiiiBg lOO^fc oxygen 
at this altitude would be equivalent to breath- 
ing air at sea level. 

One big disadvantage of pressurized cabins 
is that a sudden loss of pressure, due to mechan- 
ical defects or damage by gunfire, may subject 
the pilot and/or crew to a rapid decompression 
above the critical altitude at which piu-e oxygen 
is sufiieient to sustain life. Between 40,000 and 
50,000 feet, pressure breathing regulators will 
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Figure 2-S. A-8S Constant Flow Oxygon Mask 



supply enough pressure to the pilot and/or 
crew £ot thein to remain conscious until an 
emergency descent to below 40,000 feet can be 
made. 

Above 50,000 feet, pressure breathing is of 
little value since it is impossible to tolerate the 
amount of positive pressure necessary to prevent 
severe hypoxia without counter pressure. It is 
for this reason that all pilots and crew flying in 
aircraft above 50,000 feet are required to wear 
a counterpressurization garment of some type. 
These suits must irrflate automatically in the 
event of a loss of cabin pressurization and in 
current suit types must offer the possibility of 
mission completion. 

The likelihood of a sudden exposure to "crit- 
ical altitudes" necessitates familiarity with the 
use of oxygen equipment and current pressure 
suits, since even under most favorable conditions 
only 20 to 30 seconds may elapse between the 
time of the decompression and loss of conscious- 
ness. Figure 2-7 shows the times of conscious- 
ness m5i varying types of exposure at high 
altitudes. 



Oxygen Equipment 

From the preceding discussion of the princi- 
ples of respiratory physiology in aviation it is 
evident that, to produce efficient protective 
equipment for flight at high altitudes, engineers 
and physiologists must work together. Witli the 
evolution of Air Force oxygen equipment, man's 
altitude ceiling has been increased progressively. 

In general, an oxygen system in an aircraft 
consists of: containers for storing the oxygen 
supply, tubing to conduct the oxygen from the 
main supply to a metering device, a metering 
device to control the flow of oxygen, and a mask 
to direct the oxygen to the flyer's respiratory 
system. 

The first equipment used by the Air Force to 
protect flyers against reduced partial pressure 
of oxygen at high altitude was a simple tube 
connected through a valve type of metering 
device to a cylinder containing oxygen under 
high pressure. The maximum pressure of the 
oxygen was 1,800 psi. This tube was fitted with 
a pipestem through which a continuous flow of 
oxygen was delivered into the users mouth. 
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Flguri 2-9. Oxygen Regulation (Limited Standard) 



Although the system served its purpose by im- 
proving the flyer's condition up to about 20,000 
feet (6,096 meters), it had the following dis- 
advantages: it did not adequately protect the 
normal nose breathing individual; oxygen deliv- 
ered during expiration, which is about half of 
the total time, was wasted; and the pipestem 
was uncomfortable to hold between the teeth 
for long periods, espedally in the unheated air- 
craft cockpits of those early days. 

Continuous Flow Oxygen System 

In military aircraft there is an obvious advan- 
tage in keeping the weight and Space require- 
ments of the oxygen system to a mimmum. This 
increases the tactical efficiency of the aircraft 
by affording space for additional fuel to prolong 
the range of flight, for additional bomb loads, 
or for increasing the maneuverability essential 
in fighter aircraft. In order that such economy 
of weight and space might be effected and that 
the altitude ceiling might be increased, a meth- 
od was needed to restrict oxygen flow to a 



volume approaching the actual needs of an in- 
dividual for a given altitude. 

This requirement was met by designing a 
lightweight oronasal mask ( Figure 2-8 ) through 
which a continuous flow of oxygen was deliv- 
ered to the flyer. Attached to this mask is a 
re-breather bag — a rubber bag of about 800 cc 
capacity into which the first part of the exhaled 
gas is directed. Since this gas is from the upper 
part of the respiratory system, it consists pri- 
marily of unused oxy^n. 

The re-breather system made it possible to 
effect economy in two ways: by using the oxy- 
gen contained in the respiratory dead space, 
and by supplying a reservoir to collect the 
volume of gas that flows from the oxygen cylin- 
ders during the expiratory phase of the breath- 
ing cycle. The mask is equipped with sponge- 
rubber discs that serve as valves through which 
the latter portion of the exhaled air is blown off. 
They also serve as inspiratory ports for the en- 
trance of ambient air at lower altitudes when 
inspiration is not fully satisfied by the contents 
of the re-breather bag and the flow of oxygen 
from the regulator. 

To maintain continuous flow of oxygen at 
various altitudes, the main oxygen supply is 
equipped with a metering device or oxygen reg- 
ulator (Figure 2-9). The regulator includes a 
valve that may be opened or closed to compen- 
sate for bhange^ in altitude. With this system, 
oxygen is delivered to the valve at a constant 
pressure and unaffected by changing pressure 
within the cylinder as the supply is con- 
sumed The jaressure gauge on the regulator is 
calibrated in thousands of feet. The flyer sets 
the valve to correspond to his flight altitude and 
thus receives the proper amount of supplemen- 
tary oxygen for that altitude. In another type 
of continuous flow regulator, the A-11, the oxy- 
gen is controlled automatically rather than 
manually. 

As discussed previously in "Control of Ventila- 
tion," under conditions of breathing 100% oxy- 
gen at ambient pressure, man can ascend to 
40,000 feet (12.192 Km), and be in approxi- 
mately the same condition as when breathing 
air at 10,000 feet (3.048 Km). Since the con- 
tinous flow system can supply 100% oxygen, it 
may be assumed that 40,000 feet is the upper 
limit for use of the equipment. Although this 
is basically true, the inherent characteristics of 
the standard form of the system make it nec- 
essary to limit that assumption to conditions of 
rest or, at the most, mild activity of the user. 
It is, therefore, adequate for passengers in trans- 
port aircraft. 
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Additional activity required of crew members 
o£ military aircraft may result in greater de- 
mands for supplemental oxygen than supplied 
by the regulator, and result in excessive inspira- 
tion of ambient air through inspiratory ports, 
producing hypoxia. A mask fit which will pre- 
vent inboard leakage is difficult to obtain when 
the crew member is active and becomes an im- 
portant factor at higher altitudes where any 
leakage around the edge of the mask will re- 
sult in dilution of the oxygen concentration 
supplied. In view of the practical experience in 
military aviation, an arbitrary altitude ceiUng of 
25,000 feet (7.62 Km) has been established for 
this type of equipment. 

The continuous flow system is commonly in- 
stalled in cargo and transport aircraft where it 
serves as a simple system that can be operated 
successfully even by individuals who have not 
been especially trained in its use. As long as 
the limitations that have been discussed are ob- 
served, it is a good method of supplying oxygen 
for certain types of flights at moderate altitudes. 

In the early part of World War II, it became 
apparent that aircraft would be operating in 
the altitude range above 25,000 feet. Above this 
critical altitude, the introduction of even small 
amounts of ambient air into the respiratory 
passages might be hazardous. Thus, it became 
necessary to attack the problem of inboard 
mask leakage if ffights above 25,000 feet were 
to be feasible, 

Demgnd-Type Oxygen System 

An improvement over the continuous flow 
oxygen system is the demand-type oxygen sys- 
tem. This system delivers oxygen only during 
the inspiratory phase of the breathing cycle. 
Extensive physiological and engineering tests 
indicated that this method of deHvering oxygen 
at high altitudes assured the flyer of receiving 
100% oxygen as long as an airtight face-to-mask 
seal could be maintained. Many design and 
engineering problems were involved in develop- 
ing this system to a stage where it was satis- 
factory for use in military aircraft. The pressure 
of wartime and the urgent necessity for stand- 
ardization of this equipment made it possible 
to install the first form of the demand system 
in combat aircraft in a remarkably short period 
of time. Improvements were made as the need 
for them became apparent during service tests 
under combat conditions until the present de- 
mand oxygen system was finally evolved. 

The currently standard demand oxygen mask 
is a simple mechanism designed to fit comforta- 
bly over the face of the wearer (Figure 2-10). 
It contains a smgle flapper valve, seated in the 
base of the mask facepiece, which permits all 



of the expired air to be blown off to the out 
side atmosphere. During inspiration the flapper 
seals ti^tly against die viilve seat ftnd no am- 
bient air can be admitted to the mask through 
this channel. 

The metering system that controls the flow 
of oxygen to the mask is called the diluter de- 
mand regulator (Figure 2-11). The regulator 
is a fairly simple mechanism operated by nor- 
mal changes in pressure occurring dming the 
breathing cycle. Basically, it consiSte of a rouiid 
box with a thin rubber diaphragm stretched 
across the front. Attached to the diaphragm is 
the arm of a valve that opens or closes flie 
port connecting with the pressure reduction 
stage of the regulator. 

When the mask is attached to the regulator 
through a hose connection and the wearer in- 
hales, a slight negative pressttre is created with- 
in the regulator. This negative pressure draws 
the diaphragm in and changes the position of 
the valve so that an opening is created to the 
pressure reduction stage containing oxygen un- 
der pressure, and this oxygen flows through the 
regulator. The initial chamber of the regulator 
is a pressm-e reduction stage where oxygen cylin- 
der pressure is reduced to a lower constaiat 
pressure providing a relatively fixed pressiue 
behind the diaphragm operated valve. 

Barring mechanical difficulties in flie regula- 
tor itself, the only site of inward air leakage 
would be around the face-to-mask seal. A num- 
ber of different mask designs were tried until 
one was standardized which met the require- 
ments for comfort and effective seal on the ma- 
jority of types of faces. However, no matter 
how carefully such a mask is fitted, a minute 
leakage seems to be inevitable. This leakage 
factor makes it necessary, in the interest of 
safety, to limit the use of the demand oxy- 
gen system to altitudes below 35,000 feet 
(10.67 Km). 

Cylinder oxygen is conserved in the demand 
system by making use of the oxygen present in 
ambient air at altitudes up to 34,000 feet ( 10.36 
Km), where 100% oxygen is required. T3ie 
diluter mechanism that mixes air and oxygen 
consists of a metal bellows attached to valves 
over both air and oxygen ports. As the flight 
altitude increases, trapped air in the bellows 
expands causing the bellows to operate these 
two valves. Thus, during ascent the oxygen valve 
opening is gradually increased while the air 
inlet is reduced, thereby increasing the Concen- 
tration of oxygen delivered to the mask. 

The percentage of oxygen required for any 
given altitude has been worked Oiit isi physiolog- 
ical experiments, and the design of tihe diluter 
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Figure 2-111. A-UB Oxygen Mask (Limited Standard) 



mechanism of the regulator is based upon these 
data. A gradually changing mixture of air and 
oxygen is delivered up to 34,000 feet, at which 
altitude the air inlet is closed coiupletely and 
100% oxygen is delivered. At any time desired 
by the user, the dilution lever on the side of 
the regulator can be changed from the "normal" 
diluting position to "100 per cent oxygen" posi- 
tion which will close off the airport and provide 
100 per cent oxygen at any altitude. 

For the treatment of mild hypoxia, the de- 
mand regulator is provided with an emergency 
valve. When this valve is opened, a large vol- 
ume of oxygen in a contintious flow may be 
quickly obtained. It is sufficient to revive an 
hypoxic individual in a matter of a few seconds 
and maintain normal arterial oxygen saturation 
in an individual even with a pulmonary ven- 
tilation rate equivalent to that of moderate 
exercise. 




1 Air Intake 

2 Oxygen Intake 

3 Diaphragm 

4 Demand Valve 

5 Oxygen Metering Port 

6 Air Metering Port 

7 Aneroid 

8 Diluter Control 

9 Emergency Valve 





V 



Fi(ura 2-tT. Diluter Demand Oxygen Regulator 
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OXYGEN FROM 
REGULATOR 

ATMOSPHERIC PRESSURE 

INHALATION PRESSURE 
INTERIOR OF MASK 



EXHALED 
BREATH 

INLET PRESSURE 

I EXHALATION PRESSURE 
I INTERIOR OF MUK 




INHALATION. The inlet pressure is greater than the pressure inside 
the mask during inhalation. The compensating diaphragm Is pushed 
up against the main diaphragm, closing the exhalation valve. 




PAUSE BETWEEN INHALATION AND EXHALATION. The iniet pressure 
and the pressure inside the mask are momoitarily equaL The vatve 
remains dosed. 




EXHALATION. The pressure inside the mask momentarily increases 
slightly above the inlet pressure, so that the main diaphragm and 
the compensating diaphragm are pushed down, permitting the 
exhaled breath to pass through the valve and the outlet 




IF THESE INLET CHECK VALVES ARE NOT Sft im 
PUCE PROPERLY, THE MASK WILL NOT WORK 

Figura 2-12. Comnomitti of Type MS-22001 Pressure Breathti^ Oxjrgin Mask 
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REGULATOR DURING INHALATION AT SEA LEVEL REGUIATOB DURING WHALATION AT 34,000 FECT 

Oxygen valve is closed; air valve is open, and you breathe air only. Air valve is closed; ojqfien valve is open, wd you breame 100» 



OXVGEM GOES IN HiSl 



OXYGEN GOES IN HERE 




OXVGEN GOES TO MASK 

REGULATOR DURING INHALATION WITH PRESSURE 
BREATHING. Spring presses down on diaphragm, opening de 
mand valve, and forcing oxygen Into Uie mask under pressure 




REGUIATOB DURING KHALATION WITH PRBSUfiE 

BREATHING, As you exhale, you momentarily raise the pressure, 
forcing the diaphragm up against the spnng tension. The de- 
mand valve closes and no oxygen flows. 



Figure 2-13. A-14 Manual Pressure Breathing, Dlluter Demand Oxygen Regulator 
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Pressure-Breathing System 

To maintain flyers in a normal condition at 
altitudes above 34,000 feet, two requirements 
must be fulfflledi up to 40,000 feet, inboard 
mask leakage must be eliminated so that 100% 
oxygen can be delivered to the lungs with every 
breath; and above 40,000 feet, oxygen must be 
delivered to the mask at pressures in excess of 
ambient. If sufficient pressure is added to the 
mask, positive pressure breathing will maintain 
a normal alveolar partial pressure of oxygen. 

Froia a mechanical standpoint, the same mod- 
ifications fulfill these two requirements. It is 
possible to eliminate inboard mask leakage by 
supplying oxygen at a small positive pressure — 
about 2 inches of water. Under these conditkins, 
should the mask-to-face seal be broken, there 
would be loss of oxygen to the outside atmos- 
phere, but the greater pressure within the mask 
would prevent ambient air from being drawn 
in during inspiration. This concept of "safety" 
pressure has been applied to standard oxygen 
systems and is used whenever the individual 
is at an altitude between 30,000 ( 9.14 Km) and 
40,000 feet (12.19 Km). 

Adjustment of the seal of the pressure- 
breathing mask upon the face makes it possible 
to increase its liressure holding cjapatrf^ty and to 
permit breatJaing oxygen at jpressures up to 30 
mm Hg. 



Basically, only two changes have been made 
in the demand oxygen mask to convert it to a 

psessure -breathing system. This is shewn in the 
illustration of the operation of the pressure com- 
pensated valve (Figm-e 2-12 ). The mask is 
molded vwth an inner flap (1) that tends to 
seal against the face when oxygen is delivered 
at positive pressures, In addition, it was neces- 
sary to alter the valve system because the stand- 
ard demand mask exhalation valve (3) opens 
at a very small positive pressure. A direct con- 
nection was made between the underside of the 
ej^i^ation valve (4) anci flie incoming oxygen 
line (5). The pressure of the oxygen delivered 
by the regulator is thus eifective in closing the 
exhalation valve. 

In order to open the exhalation valve, then, 
it is necessary to exceed the pressure in tiie 
incoming oxygen line by exhaling with a greater 
force than that of the incoming oxygen. Check 
valves (Sj) over tie oxygen inlet ports in the 
mask make it possible to develop the necessary 
exhalation pressure within the mask. 

A spring applied to the diaphragm converts 
the standard demand regulator to the pressure- 
demand system (Figure 2-13). The pressure 
delivered to the mast is altered by varying the 
tension of the spring manually with a lever on 
the regulator. The pressure-demand system may 
be activated automatically by an aneroid mech- 
anism. The automatic type of control is essential 




Figure 2-14. MD-1 Automatic Piessure Breatiiini, Diinter DBmaitd Oxygin Regulator (Limitod Standard) 
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FiiEura Z-15. Schematic of Liquid Oxygen System llamponents 



Hgure 2-1 B. USAF Type A-3 S-Uter Liquid Ovfm Converter 



I PRESSURE CIQSING 

VALVE ASSEMBLY 




ASSEMBLY 



Capacity 


5 liters 


Operating Pressare 


70 psi 


Filling Pressure 


26 psi 


FillmgTime 


5 min 


Build-Up Time 


10 mIn 


Weight (Empty) 


14.0 lb. 


Weight (Fuli) 


Z6.5 lb. 


Width (Overall) 


m in. 


Height (Overall) 


Ws in. 


Cubage (Maximum) 


1,370 cu. in. 



for emergency situations arising in aircraft with 
operating ceilings up to 50,000 feet. Figure 2-14 
illustrates a recent type of automatic regulator. 

LIQUID OXYGEN SYSTEMS 

The development of inflight refueling techni- 
ques and more rfective aircraft and personal 
pressiirization systems have extended the per- 
formance capabilities of current aircraft. Con- 
current with these capabilities is an increased 
need for crew oxygen suppHes due to the in- 
creased flight length. 

This need was solved by the development of 
an entirely different, more expensive oxygen 
system which utilized liquid oxygen (LOX) in 
place of gaseous oxygen. Even though there are 
disadvantages to this system, the LOX system 
more than offsets these disadvantages by pro- 
viding tremendous quantities of breathing oxy- 
gen carried in a compact light-weight unit. 
Figure 2-15 illustrates the components of the 
LOX system and their relative positions. This 
schematic is not typical of any ptirticidar air- 
craft installation, but is intended to indicate 
the operating characteristics of LOX systems 
in gesaeral. Figure 2-16 is a USAF Type A-3 
5-liter liquid oxygen converter. 
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3 




Effects of 



Decreased Barometric 
. Pressure— Dysbarism 



Dysbarism is a general term whicli includes 
all the physiological effects of reductions in 
barometric pressure independent of hypoxic 
effects. Compressed-air illness or caisson disease, 
a disorder sometimes experienced by divers or 
caisson workers, is the result of excessively 
rapid decompression from pr,essures in excess 
of one atmoBphSre to sea-level pressures, while 
dysbarism in. fliers occurs with deeompteiSsion 
to less tbatt one atom sphere. 

When referring to the symptom complex de- 
veloping as a result of exposure to high altitudes, 
dysbarism is the preferred term. Decompression 
sickness is perfectly acceptable and includes 
the entire symptom complex which may devel- 
op. However, as determined by common usage, 
the latter term more often connotes the syn- 
drome that develops in deep-sea divers upon 
their return to the surface after exposure to 
several atmospheres o£ pressure. 

The symptoms of dysbarism may be classi- 
fied etiologically: 

1. EflFects of evolved gases, resulting in such 
symptoms as bends, chokes, and neurological 
disorders. 

2. Effects of expansion of trapped gases, re- 
sultiag in such symptoms as abdominal gas pain 
and aaodontalgia. 

On rare occasions, pain may originate in the 
middle ear and sinuses as a result of gas trapped 
within these bony cavities; but in most cases 
aerotitis (barotitis) and aerosinusitis (barpsinu- 
sitis)* are compression phenomena. This is dis- 
cussed further under "Other Eflfects of Chang- 
ing Barometric Pressure." 



•Either of these two terms is acceptable and will be 
found used interchangeably in hterature. 



Etiology 

The exciting feetors Aat produce dysbarism 
are the expansion of existing gases within the 
body cavities and the formation of gas bubbles 
in body tissues and fluids from gas, principally 
nitrogen, which was previously in solution. On 
reduction of barometric pressure, gases wifliin 
the body tend to expand to a greater degree 
than can be explained on the basis of Boyle's 
law. This exaggerated expansion is due to the 
fact that the gas remains saturated with water 
vapor at body temperature, and to the fact that 
the tensions of oxygen and carbon dioxide de- 
crease at altitude less rapidly than die baro- 
metric pressure. The most eoramoji taaaifesta- 
tion of this gaseous expansion is abdoniifial padti. 

At sea level, the average adult body contains 
approximately one liter of nitrogen in dissolved 
form. As demanded by Henry's law, smaller 
proportions of this gas may be retained in solu- 
tion as the barometric pressure is decreased. 
Dutilig ascent to altitude then, tissues and fluids 
become supersaturated, and nitrogen is evolved 
from solution as gaseous bubbles which, depend- 
ing upon their quantity and location, produce 
the major symptoms of dysbarism. Presumably 
the symptom of bends is produced by such 
bubbles located interstitially in the connective 
tissue about bones, joints, and muscles, and that 
the symptom of choices is caused by the accumu- 
lation of such bubbles intravascularly in the 
pulmonary circulation. 

Though the evolved gas bubble theory is 
probably the most convincing, there are certain 
thing s it does not explain, such as the failure of 
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descent (recompression) to relieve the neuro- 
logical symptoms and signs or to prevent their 
occurrence in delayed form after the flight. The 
recurrence of bends symptoms at preferred 
sites on repeated exptKures is also difficult to 
explain on the basis of chance embolization 
by nitrogen bubbles. Other theories have been 
advanced to include the fat emboli theory which 
suggests a disruption of fatty tissue, but re- 
quires either a patent foramen oval or pul- 
monary shunts to explain the distribution of 
emboli, (Haymaker, Rait), and the prvmary 
vGsdspastn theory suggesting vasospasm as the 
result of reflex action or pressure differences, 
(Adler, Knisely). 

The predisposing factors to dysbarism are en- 
vironmental factors and factors influencing sus- 
ceptibility of the individual. It has been shown 
that the incidence of dysbarism increases with 
late of ascent, altitude, duration of exposure to 
aMttide, activity, and cold; and decreases wilh 
increasing time of denitrogenation. 

Individual susceptibiHty varies widely from 
person to person and within a given individual 
from time to time. Age is an important consider- 
ation, with an increase in susceptibiHty for 
older individuals. Physical fitness and previous 
healed injuries to bones and joints within the 
limits encountered in personnel on flying status 
do not appear to influence susceptibility. How- 
ever, susceptibility may be extraordinarily in- 
creased by exercise while at altitude. Exercise 
not only increases the incidence of symptoms 
at a given altitude, but lowers fhe threshold al- 
titude for the occurrence of bends. Ordinarily, 
the evolved gas symptoms of dysbarism do 
not occur below 30,000 feet, but symptoms may 
be induced at altitudes as low as 22,000 feet 
by strenuous exercise. 

Symptoms 

According to a decompression reaction study 
on 62,160 trainees between 1943 and 1945, the 
five most prevalent painful reactions that occur 
to flying personnel during flight are bends 
(13%), aerotitis (7.86%), abdominal distresses 
(4%), sinus pain 1.17%), and aerodontalgia. 
Vasomotor instability, chokes, hypoxia, visual 
disturbances, and hyperventilation all total less 
than 1%. 

Chokes usually occur later in the course of 
flight than do bends and are characterized by: 
a substernal burning sensation, which is referred 
to the deep respiratory passages; nonproductive 
cough arising deep within the chest; and ag- 
gravation of both the above manifestations by 
a deep breath, accompanied by a sense of 



suffocation and apprehension. The onset is al- 
most inevitably progressive, leading to severe 
distress within a few minutes. General circula- 
tory reactions are more common with chokes 
than with bends. 

The parasthesias frequently associated with 
dysbarism are generally of little consequence. 
Objective skin manif^tations which may occur 
with or without parasthesias are seen with some 
frequency and take the form of either intra- 
cutaneous blebs, subcutaneous emphysema, or 
a mottled sldn lesion. The mottled sWn fesion 
presenting as irregular areas of erythrana ad- 
joining areas of cyanotic pallor is considered a 
serious event since it may be associated with 
chokes and neurocirculatory instability or col- 
lapse. Prompt termination of the flight, ordinari- 
ly, results in rai>id disappearance of these symp- 
toms with, however, a residual tenderness over 
the involved area, becoming maximal several 
hours postflight and sometimes persisting for 
two or three days. 

Neurological symptoms of various types occur 
rather infrequently. The most common type is 
a transitory visual defect consisting of homony- 
mous scotomata or even hemianopsia, followed 
by headache, which closely resembles migraine. 
More rarely, transitory hemiplegia, monoplegia, 
aphasia, and disorientation occur. The Mem^O- 
logical reactions difi^er from the other symptoms 
in tiieir tendency to occur shortly after flight 
as well as during flight. 

Abdominal pain is the most common symp- 
tom resulting from trapped expanding gas. In 
spite of its different etiology, it occurs at about 
the same altitude as the other symptoms caiised 
by evolved gas. It makes its appearance typi- 
cally early in the course of the flight and may 
progress from a siinple fc^hrig of distentioii to 
severe, cramp-like pain. When severe, it may 
lead to circulatory reactions. 

Aerodontalgia is a painful condition of the 
jaws and teeth experienced during or shortly 
after exposure to lowered barometric pressure 
in flight or in a low pressure chamber. The 
causative factors of this painful condition have 
never been fully explained. In some instances 
it has been associated with subclinical patholog- 
ical conditions that are ordinarily not bother- 
some to nonflying personnel. It is probable that 
aerodontalgia does not occur with a healthy 
pulp. Over 9% of the fighter pilots of ontS com- 
mand reported this type of pain at some time 
during their flying career. 

Predisposing factors in toothache at altitude 
are large, deep-seated, silver fillings without 
underlying base materials or insulators, and 
various stages of inflammation or degeneration 
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of the pulp. Toothache at altitude is most likely 
caused by an underlying lesion in the pulp 
which in time would cause the same- symptoms 
without decompression. 

In general, the pain is worse with greater and 
more rapid decompression and is usually re- 
lieved by recompression. The precise "altitude 
of incidence," severity, and duration of pain will 
vary with the individual and the type of lesion 
in the pulp. Occasionally pain may first appear 
on descent ffom altitude or on recompression. 

Available information indicates that pulpitis 
of varying degrees may be found together in 
some instances with "spaces" in the pulp. The 
nature of the pulpitis is yet to be determined. 

When several teeth are suspected of causing 
pain, those with recent amalgam fillings are 
more probably responsible. Testing with ice 
may reproduce the pain. A tooth is to be sus- 
pected if it continues to hurt after removal of 
the ice. A tooth with an open cavity will not 
be aflEected by altitude even though the pulp 
is diseased. 

The character of the pain varies in its in- 
tensity, duration, and location. In many cases 
it is of such a severe nature as to render the 
flyer militarily ineffective for the period dming 
the painful attacks. The pain may often be made 
to recur by reproducing the same flight con- 
ditions in the altitude Aamber or when actual 
flight conditions prevail. Aerodontalgia, unlike 
painful disturbances in the region of the ear 
and sinus, is more prevalent dwing ascent and 
at altitudes. In some easel however, it has 
occurred on descent or on the ground following 
a level flight. 

Complications and Sequelae 

The most serious complication of dysbarism 

is a type of neurogenic peripheral circulatory 
failure or primary shock, consisting of one or 
all of the following manifestations intense pal- 
lor, profuse sweating, faintness and dizziness, 
nausea, vomiting, and loss of consciousness. 
These circulatory reactions are usually initiated 
at altitudes at which the primary symptoms of 
bends, chokes, or gas pains are most severe, 
and recede rapidly as the primary symptoms are 
relieved by descent from altitude. In some in- 
stances the reaction persists after reaching 
ground level and may develop into the hema- 
togenic form of peripheral circulatory failure or 
secondary shock. 

Delayed circulatory reactions may also occur 
within several hours after return to ground 
level. After an apparent asymptomatic interval 
these delayed reactions may present the typical 
picture of secondary shock, with weak thready 



pulse, hypotension, and intense hemoconcen- 
tration. A few fatal cases of this type have been 
encountered. Neurological symptoms may some- 
times accompany such a delayed shock picture. 
Hemiplegia and coma have resulted, and in 
some instances permanent residuals and even 
death have followed such types of cases. 

Treafment 

The only effective prophylactic measure 
against bends and chokes is denitrogenation be- 
fore ascent to altitude. By breathing air con- 
taining a reduced pressure of nitrogen the 
latter is removed from the body. The most rapid 
denitrogenation is accomplished by breathing 
pure oxygen, but breathing oxygen mixtures as 
delivered by the diluter mechanism of 'demand- 
type regulators is also efFeetive, Above 20,000 
feet, however, the effectiveness of denitrogena- 
tion is greatly reduced. Breathing pure oxygen 
at ground level for 15 minutes will reduce the 
incidence of bends and chokes at 38,000 feet by 
approximately 50%. Dysbarism is rare in cur- 
rent operational flying as long as the cabin 
altitude remains below 30,000 feet. 

The prophylaxis of gas pains is a more dif- 
ficult problem. The only reliable guide is to 
eUmiiiate as far as possible conditions or proce- 
dures that cause abdominal distress at gEOund 
level, since symptoms of these conditions are 
likely to be aggravated by altitude. 



Symptom 


USAF 


USAF 




1954 


1955 


Aerotitis 


6.85 


8.45 


Aerosinusitis 


2.17 


2.36 


Aerodontalgia 


0.40 


0.57 


Abdominal Gas Pain 


4.23 


4.02 


Bends 


2.85 


2.63 


Chokes 


O.04 


0.11 


Neurol. 


0.05 


0.03 


Skin 






Collapse 


0.65 


0.90 


Total 


17.27 


19,13 



Standard Type II Flight to peak altitude of 
43,000 feet. Duration of flight about IVz hours, 
with mild to moderate exercise in d^Gnstra- 
tions at 25,000 feet. Figures are given in cases 
per 100 persons exposed. 



One of the most frequent symptoms, bends, is 
characterized by pain in the extremities. The 
pain is deep, frequently migratory, and not eas- 
ily localized. The onset may be gradual or acute, 
and in either case may progress to the point of 
initiating general circulatory reactions. 
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A failure to respond to recompression must 
be viewed as a serious event. Cerebral, visceral 
or cardiovascular gaiseous embolizatioii at tbe 
arteriolar and precapillary levels presumably 
initiates focal ischemia. Recompression exerts 
a positive mechanical effect on bubbles to c&ase 
a decrease in their size, perhaps in this way 
assisting in their resolution, but recompression 
cannot be expected to directly influence exist- 
ing irreversibly damaged areas. 

Embolization in a silent area may not be 
clinically appreciated, but involvement of motor 
and sensory functions in either spinal cord or 
cort^, visceral involvement or direct cardio- 
vascular involvement, produces a remarkable 
disorder commonly termed neurocirculatory col- 
lapse. In its mildest form tile disorder is seen 
as a self-limiting, transitory vasomotor instabili- 
ty, indistinguishable from a syncopal reaction. 
Tn its severest form, the disorder presents as 
widespread neurological involvement and acute 
hypovolemic shock, wifh progressive deteriora- 
tion to a fatal termination. Within this frame- 
work neurocirculatory collapse may be seen as 
an almost uncomplicated neurological disorder, 
or primarily as a shock-like syndrome. General- 
ly, both neurological and circulatory involve- 
ment are seen. 

Treatment is largely empirical and expectant. 
As mentioned above, immediate recompression 
to ground level is important. Overcompression 
to more than one atmosphere has merit, but 
must be considered in the light of the availabili- 
ty of such a specialized treatment facility. Com- 
plete bed rest must be emphasized even in the 
cases of mild vasomotor instability where the 
patient may be asymptomatic at rest but dem- 
onstrates postural hypotension on sitting or 
standing. All cases which demonstrate postural 
hypotension for more than an hour or two 
should be hospitalized and observed for at least 
twenty -four hours. Depending on the nature 
and severity of the disorder, supplemental 
breathing oxygen may be given. The use of an 
oxygen-carbon dioxide mixture not to exceed 3 
per cent carbon dioxide is probably useful. 

For those cases which are recognized as 
hypovolemic shock, vigorous supportive treat- 
ment is extremely important. The use of plasma 
expanders such as serum albumin and plasma 
itself is necessary. These should be given in 
amounts sufficient to maintain an adequate 
hourly urine output; 30-50 ml/hour suggests 
successful replacement. The hematocrit and the 
vital signs (blood pressure, pulse) are important 
indices of successful treatment as well. The use 
of vasoeomtrletors preseilts a problem. Levo- 
phed, in particular, has been used vdth varying 



degrees of apparent success in treating the 
shock seen in neurocirculatory collapse. 

In hypovolemic sbocjc^, vasoGonstriction is pre- 
sumably maximal in the body's attempt to main- 
tain blood pressure. The use of a supplementary 
vasoconstrictor in this circumstance may not be 
the treatment of choice. It is probably better 
to rely only on the use of fluids sufflci^t to 
replace the initial deficit, and also any con- 
tinuing loss. Each case is a peculiar individual 
event and the Flight Surgeon must be prepared 
to treat acute pulmonary edema, acute con- 
gestive failure, or even a cardiac arrythmia, all 
of which are accompaniments of this remark- 
able and serious compUcation of evolved gas 
dysbarism. 

Rapid Decompression 

The development of pressurized cabins in 
aircraft has raised the question of the tolerance 
of the human being to the extremely rapid de- 
compression that may be expected if pressiuriza- 
tion is suddenly lost as a result of enemy gun- 
fire or secondary to spontaneous rupture of the 
canopy. The factors that determine the rate 
and extent of the effects are: 

1. The volume of the pressurized compartment. 

2. The size of the opening. 

3. The pressure differential. 

4. The flight altitude at which decompression 
takes place. 

The first three regulate time or duration of 
decompression. With the time accurately ihea- 
sured and the pressure differential known, the 
rate of decompression can be determined in 
pounds per square inch (psi) per second. The 
last two listed factors regulate the extent of 
expansion of internal body gases, and from this 
figure and the time of decompression, the ex- 
pansion rate may be determined. Figure 3-1 
Ulustrates tlie theoretical expansion of internal 
body gases on equalization of cabin differentials 
from 1.0 through 0.0 psi. 

The smaller the volume of the pressurized 
compartment or the larger the opening, the 
shorter is the time of decompression. When other 
factors are constant, an increase in pressure 
differential extends the time of decompression, 
but the decompression rate and expansion rate 
are also increased. 

The physiological effects of explosive decom- 
pression are produced by rapid expansion of 
gases within body cavities; the degree of de- 
compression that can be withstood safely is 
determined edljiier by the extent or the rate of 
expansion. Then escpansion is slow, the body 
gases escape or beeome redislribiuted before 
dangerous pressures are built up. When the de- 
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NUMBER OF TIMES OF EXPANSION 
12 3 4 



7 8 9 10 11 12 




Figure 3-1. Theoretical Expansion of Internal Body Gases upon Equalization of 
Cabin Differentiais from 1.0 thru 8.0 psi 



gree of expansion is slight, the lungs or hollow 
viscera can distend safely to make room for the 
expanded gases. 

Expanding gas is expelled from the lungs with 
little resistance, but the average gas volume 
can only be approximately doubled before 
physiological stretjtoig is exceeded. In decom- 
pressions with expansion of gases to several 
times their original volume at an extremely rapid 
rate, the response of the lungs is no doubt the 
limiting factor in tolerance of normal subjects 
to explosive decompression. Critical pressures 
are lively to occur in the lungs if the glottis 
happens to be closed at the moment of decom- 
pression, either due to voluntary breath-holding, 
or inadvertently as in the act of swallowing. 
Traumatic aeromediastinum and aeroembolism 
into the systemic circulation due to pulmonary 
lesions have been observed in rare instances. 

The expansion of gases within the gastroin- 
testinal tract causes distention which may give 
rise to an occasional twinge. Persons with ex- 
cessive abdominal gas, however, may suffer 



more severe pain. No aural discomfort has been 
observed during rapid decompression, possibly 
because the eustachian tubes are blown open 
immediately and remain open during the change 
in pressure. If the subject remains at the high 
altitude following a decompression, dysbarism 
may be expected to occur promptly. 

Experimental work with human subjects has 
revealed that extraordinarily rapid rates of de- 
compression can be tolerated with Uttle (^fficul- 
ty. Rapid decompressions from 8,000 to 35,000 
feet in less than 0.1 second have been tolerated. 
Table 3-1 lists the data from experiments on 
rapid decompression of human subjects. 

While the immediate, mechanical effects of 
rapid decompression on occupants of a pres- 
surized cabin will seldom be incapacitating, the 
menace of subsequent hypoxia becomes more 
formidable vrilh increasing operational altitudes. 
The time of consciousness after loss of cabin 
pressure (10,000 feet or less) while breathing 
air is indicated in the lower curve of Figure 
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Figure 3-2. Flight AHIfude In Thousands of Feet 

Legend: Time of consciousness after sudden loss of cabin pressure ;it iiltitudes 
above 25,000 feet. The lower curve represents mean values when breathing 
air at cabin altitudes of 10,000 foet or less. The upper curve applies to aircraft 
operating above 45,000 feet with a cabin pressiie equivalent to 33,000 feet 
less, in which oxygen equipment of the demand type is used (no additional 
pressure). 
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20,000 
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Pressure Suit 


3 


4 


2.75 


27,500 


45,000 


0.015 


125 


3.2 


213 


f!0 


18 


1,166,666 


150 


P-38 IVIock-up 


45 


12 


6.55 


10,200 


35,000 


0.075 


87 


3.5 


47 


66 


12 


330,666 


15 
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45 


12 


7.5 


8,000 


35,000 


0.09 


83 


3.9 


43 
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12 
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9 
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34,000 


45,000 


0.008 
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1,375,000 


3 
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45 


27 


1,25 


37,000 
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0.006 
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27 


1,833,333 


2 


P-38 n/lQck-up 


45 


27 


1.00 


40,000 


50,000 


0.005 


200 


2.3 


460 




27 


2,000,000 



Table 3-1. Condensed Data of Explosive Decompression of Human Beings 



3-2. The upper curve represents the time avail- 
able on decompression to altitudes above 45,000 
feet using oxygen from a simulated cabin alti- 
tude of 33,000 feet (or less). 

The advantage gained by breathing oxygen 
is most coovineiflg up to 4S,00G fefet, but be- 
comes less and less significant at higher altitudes. 
Both curves converge at 52,000 feet where the 
time of consciousness is the same regardless of 
whether air or oxygen is breathed. This fact by 
no means implies that the use of oxygen equip- 
ment is of no value in such an emergency. On 
the contrary, the chances of survival by recom- 
pression, pressure breatiiing, or free fall will 



be infinitely better when oxygen is available 
liiroughout. 

As evident from Figure 3-2, the time of con- 
sciousness reaches a minimum at 45,000 feet 
breathing air where it is approximately 15 
seconds. At 51,000 feet th^ sanie miniBJmn is 
met with when oxygen is used. It is to be ex- 
pected that this minimum free interval in which 
hypoxic manifestations are latent will prevail at 
infinitely great altitudes. Figure 3-3 demonstrates 
fhts latent period which can be accotiated for 
partly by the circulation time of blood from 
the lungs to the brain and by the tissue oxygen 
reserves. 
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Ffpre 3-3. Minimvm Free Ihlerval Fn Which HyiMxic Manifestations Are Latent 

Legend: Exposure to 52,500 feet by rapid decompression from a simulated 
cabin altitude of 33,000 feet breathing oxygen. The circulation time can be 
estimated from the recording of an oximeter on the ear of the subject. Loss 
of consciousness is extremely abrupt after 16 seconds. Recovery on imme- 
diate recompression to the initial cabin pressure. 
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I£ the exposure to altitude after rapid de- 
compression is terminated before the latent 
period of hypoxia has ©lapsisd ( Figure 3-4 ) , loss 
of consciousness will ensue, nevertheless, at 
the time when the blood which has been de- 
prived of its oxygen takes effect on the brain. 
This may take place even after adequate oxy- 
gen pressure has been regained in the lungs by 
recompression, Only when the exposure to a 
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critical altitude (above 45,000 feet with air, 
above 52,000 feet with oxygen) does not exceed 
5 to 6 seconds can temporary loss of conscious- 
ness be avoided by protective devices designed 
to become effective within that time. 

An extensive mathematical rcNdew of all the 
rehable data on explosive decGnxpression to date 
has given rise to a pair of formulas useful in 
predicting the probable danger limit of this 
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Figure 3-4. Loss of Consciousness after Rapid Decompression Is Tertninatsd before Ui« 
Latent Period of Hypoxia Has Elapsed 

Legend: Procedure as in Figure 3-^, Oiify the ei^Osiire titue is reduced to 8 
seconds. Regardless of recompression, unconsciousness occurs after the same 
period of ktency as In Figure 3-3. 



□ 
□ 
□ 

G 
□ 



stress to the human body. These two formulas 
are: 

Pf._0Q1 

RGE { calculated ) = 



Pa-0.91 



RGE (maximum): 



2,1+ 



3.79 Vc Pc-Pa 



A ^ Pa 

where: RGE=relative gas expansion; A=:total 
cross-sectional area in square inches of the 
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opening in the pressurized compartment (in 
predicting A, the largest Plexiglas opening is 
suggested); Vc= volume of the pressmized com- 
partment in cubic feet; Pa= outside atmospheric 
pressure in pounds per square inch; and Pc= 
inside compartment pressure in pounds per 
square inch. 

If RGE (calculated) is greater than RGE 
(maximum), danger exists; if RGE (maximum) 
is greater than RGE (calculated), the operating 
conditions may be considered safe. 
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Effecfs of 
Barometric Pressure Changes 



BODILY REACTIONS TO CHANGING 
BAROMETRIC PRESSURE 

Aerotitis (barotitis) media is an acute or 
chrOtdc traumatic inflammation of the middle 
ear caused by pressure differences (either posi- 
tive or negative) between the air in the middle 
ear and that of the surrounding atmosphere. It 
is characterized by pain, deafness, tiimitus, and 
occasionally vertigo. 

Aerosinusitis (barosinusitis ) is an acute or 
chronic inflammation of one or more of the nasal 
accessory sinuses caused by pressure differences 
(usually negative) between the air in the cavity 
of the sinus and that of the surrounding atmos- 
phere. It is characterized by severe pain in the 
affected region. 

Pressure Dynamics 

Atmospheric pressure changes are experi- 
enced under a variety of conditians and cir- 
cumstances. Military aircraft may ascend verti- 
cally Faster than a mile a minute, maintain 
altitudes over 50,000 feet, and dive at speeds 
in excess of 10 miles a minute. If the parachute 
jumper delays opening his ehute, he may attain 
a rate of descent approximating 10,000 feet a 
minute. Elevators in large office buildings ascend 
and descend at rates approaching 1,000 feet a 
minute. Weather conditions may alter atmos- 
pheric pressure eqiaivaliBnt to several hundred 
feet of ascent and descent. Day-to-day weather 
variations may produce pressure changes ap- 
proximating a few hundred feet of ascent or 
descent. 

When a cavity (such as a sinus) with a small 
opening to the exterior is moved through en- 



vironments of different barometric pressures, 
equilibrium between the gas inside the cavity 
and the gas outsidfe will be established wifli a 
speed that will depend upon the size of the 
opening and the extent of change in pressure. 
This principle follows the laws of gaseous ex- 
pansion and compression. The degree of expan- 
sion depends on flie difference in density or 
pressure of the gas inside and outside a given 
chamber, and on the elasticity of the walls of 
the cavity of chamber. 

Within limits, a closed expansible chamber, 
such as a rubber balloon, will vary in size as it 
ascends or descends until equilibrium of pres- 
suTiKs is established. One volutme of gas at sea 
level becomes two volumes at 18,000 feet, three 
volumes at 28,000, four volumes at 33,000, and 
five volumes at 38,000. On descent, its volume 
changes in reverse ^egression. A rigid walled 
cavity communicating with the outside, when 
taken on such a flight, is not expected to vary 
in size because pressure equilibrium will be 
established through its opening at all altitudes. 

Aerotitis Media 

The middle ear or tympanum consists of a 
cavity lined with pseudostratified columnor 
epithelium and ventilated through a slender 
duct called the eustachian tube. Externally, it 
is separated from ihe outside by a thin, semi- 
elastic partition called the tympanic membrane. 
The eu.stachian tube consists of two segments. 
The lateral third of the tube is a bony segment 
which opens into the middle ear cavity. The 
mesial two-thirds of the tube is membrano- 
cartilaginous in structure and opens into the 
nasopharynx. At the Junction of these two tubal 
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segments, a constriction is formed which is 
similar to the isthmus of the extermal ear canal. 

Normally, the walls of the membranous por- 
tion of the tube are approximated. Because of 
mucosal irregularities and the cohesive attrac- 
tion between moist ismtfaces, its action Is simi- 
lar to that of a flutter valve. It is somewhat 
analogous to a wooden mouthpiece attached 
to a collapsed rubber tube. Air may be blown 
through the tube from the mouthpiece, but it 
may not be drawn through the tube in the op- 
posite dh'ection. The reason for this is that as 
the air is drawn from the collapsible rubber 
tube, a partial vacuum is produced and the ex- 
ternal air pressure produces a collapse of the 
soft walls of the tube. This structural peculiarity 
allows expulsion of air from the middle ear 
more readily than its admission from the naso- 
pharynx. Tubal patency may be established 
by such acts as swallowing, yawning, or shout- 
ing, during which the eustachian tube is opened 
because the levator veli palMMi and other palatal 
muscles are brought into action. 

The walls of the tympanic cavity are resistant 
to the forces of barometric pressure except for 
the limited displacement allowed by the excur- 
sions of the drum membrane. The extent of 
fitese excursions varies in different individuals, 
but on the average it will compensate for a 
100- to 300-foot change in atmospheric pressure 
without disconcerting symptoms or pathological 
efiFects, If the middle ear cavity becomes blocked 
from the outside atmosphere through eustachian 
tube malformation, it is then subjected to the 
stresses of compression and expansion of atmos- 
pheric gases. 

Effects of Decreased Barometric Pressure 
on the Ear 

Aircraft flights involve changes in altitude 
and, therefore, in atmospheric pressure. How- 
ever, altitude Js not directly proportional to 
barometric pressure change. As a result tlie ven- 
tilation of the middle ear cavity depends on the 
rate and degree of ascent or descent and result- 
ant changes of atmospheric pressure. These fac- 
tors become important when it is remembered 
that the ear is an air-filled, closed cavity with 
pressure equalization possible only when the 
eustachian tube is opened. 

Beginning at sea level pressme, and decreas- 
ing the pressure at a constant rate, a pressure 
change of from 3 to 5 mm Hg (110 to 180 feet 
in altitude) is required before any effect is 
psreeptible in consciousness. At tliis point there 
appears a slight sensation of fullness in the 
middle ears and examination usually reveals 
slightly bulging tympanic membranes. (See 



Figure 4-lB. ) This bulging and the sensation of 
fullness increase with the decreasing of pressure 
until at 15 mm Hg (SOO feet in ^tltude) dif- 
ferential, a sudden "click" is heard and felt in 
the middle ear; the drum membrane then snaps 
back, or almost back, to its normal position and 
the sensation of fullness disappears. The eusta- 
chian tube is forced open by the excess pressure 
in the tympanic cavit>', producing the "clicking" 
sensation just mentioned. This pressure is re- 
lieved by a sudden rush of air from the ear to 
the nasopharynx. 

This cycle is repeated during the remainder 
of the pressure decrease, except that all suc- 
ceeding "clicks" occur at intervals of approxi- 
mately 11.4 mm Hg (435 feet in altitude) pres- 
sure change. This indicates that it requires 15 
mm Hg excess pressure in the middle ear, at 
sea level conditions, to force the eustachian tube 
open. It also indicates that the eustachian tube 
remains open until the pressure is reduced to 
about 3,6, when it again clcBes, leaving 3.6 (130 
feet in altitude) excess pressure in the ear. It 
is assumed that since the pressure-altitude curve 
is not a straight line, the eustachian tube opens 
at equal intervals (except the first), which 
amounts to 11.4 min Hg pressure at sea level 
but only 3.5 at 40,000 feet. The explanation of 
this phenomenon is probably based on the fact 
that air of the higher altitudes, being less dense, 
passes more readily through the eustachian tube. 
These figures are averages based on repeated 
tests. Actually there is considerable variation be- 
tween individuals and in the same indivdual. 
These variations range from 5 to 30 mm Hg at 
sea level conditions, but the averages from indi- 
viduals are rranarkably constant. 

Effects of Increased Barometric Pressure 
on the Ear 

When the barometric pressure is increased in- 
stead of decreased, a totally different effect is 
obtained. Under this condition, the eustachian 
tube, acting like a flutter valve, remains closed 
under all degrees of pressure (one subject tested 
to —470 mg Hg) unless actively opened by 
muscle effort or high positive pressures. (See 
Figure 4-lC, ) 

In a series of tests, it was found that opening 
the eustachian tube by voluntary effort imme- 
diately equalizes the pressure on each side of 
the tympanic membrane. However, after a dff- 
ferential pressure of from 80 to 90 mm Hg or 
more was developed between relative negative 
pressure in the tympanic cavity and tihe increas- 
ing ambient pressure in the nasopharynx, the 
nasopharyngeal muscles normally controlling the 
opening and closing of the eustachian tube were 
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unable to function normally and the tube re- 
mained collapsed. It became necessary to de- 
crease the atmospheric pressure below lihat 
point before the eustachiaji tube could again 
be opened voluntarily, 

EtioloGY. The fundamenta:! ckme of aeroti- 
tis media is a faikue of ventilation of the middle 
ear when the subject moves from a medium of 
low atmospheric pressure to one of relatively 
higher pressure, such as during the descent of 
an aircraft. The act of swallowing, which nor- 
mally occurs about every 60 seconds during the 
waking hours and about every 5 to 7 minutes 
during sleep, momentarily relieve the tension 
of the collapsed eustachian tube, allowing equal- 
ization of pressure between the middle ear and 
the nasopharynx. 

Failure to open the eustachian tube is apt 
to occur more often among inexperienced pilots 
or passengers. In many instances it is due to 
ignorance or carelessness. There are cases, how- 
ever, where recurrent attacks are due to local 
blocking of the nasopharyngeal orifice of the 
eustachian tube by hyperplastic lymphoid tissue 
or new growths. There are also many cases 
due to allergic rhinitis or to flying while suflFer- 
ing from a head cold. 

Symptomatology. The symptoms of aeroti- 
tis media depend on the duration, frequency, 
and severity of the trauma sustained. The clini- 
cal picture results from a type of trauma that 
is essentially like that which follows the appli- 
cation of a suction cup on soft tissue. Conse- 
quently, the effect upon the mucous membrane 
of the middle ear is one of partial vacuum, re- 
sulting in vascular engorgement and eventual 
serosanguineous transudation into the tympanic 
cavity. 

When sufficient fluid accumulates within the 
cavity, the pressure difference becomes partial- 
ly neutralized and the cupping effect i.s dimin- 
ished. As a result, the tension upon the collapsed 
eustachian tube is relieved slightly and minute 
amounts of air may be forced into the ear by 
autoinflation or during the act of swallowing. 
Thus, bubbles of air may appear within the fluid 
of the middle ear; frequently the hubbies arc 
mistaken for blebs between the layers of the 
drum membrane. 

Moderate barotrauma to the ear is followed 
by a sense of fullness and soreness in fbe ears. 
There is also deafness which may last from 1 
to 72 hours. Severe trauma is followed by a 
sense of fullness, pain, deafness, and occasional- 
ly vertigo and tinnitus from 1 to 20 days. The 
pain is similar to that of suppurative otitis me- 
dia; the tinnitus is usually of a hissing or roar- 
ing character; and the deafness is of the con- 
ductive type. 



The objective signs depend on the amount 
of trauma sustained, but do not necessarily par- 
allel the (subjective) symptoms. In mild cases 
the drumhead may appear normal except for a 
mild injection. Shght bulging may be present, 
fluid may or may not be apparent, or the drum 
may even present some retraction, even though 
a pressure differential still persists. The persis- 
tence of the sensation of fullness or stuffiness in 
the eajcs is an important sign or symptom in the 
mild case. 

The characteristic appearance of the tympan- 
ic membrane, when a negative pressure exists 
in the tympanic cavity, is that of a slight to 
marked retraction with accentuation of the short 
process of the malleus and foreshortening of 
its handle. There is a decrease in size, position, 
and brilliance of the light reflex. The posterior 
malleolar fold is brought into prominence. 
Shrapnell's membrane is invaginated to a vari- 
able degree. The hyperemia present in the mid- 
dle ear is reflected by the appearance of the 
tympanic naembrane which also participates in 
the process. 

Hemorrhage by diapedesis occurs along the 
coin-se of the capillaries and arterioles of the 
malleus and the periphery of ibe drum mem- 
brane. There may be innumerable pinpoint ec- 
chymoses throughout the drumhead area. Dis- 
solution of these hemorhage areas generally 
takes place by absorption. The hyperemic ap- 
pearance usually disappears within a few hotirs 
leaving the more isolated circumscribed areas 
of petechial hemorrhage which are absorbed 
only after several days. 

Following more severe trauma, the retraction 
of the membrane is accentuated, and there is 
an inflammation which in appearance varies 
from a slight pink tinge to an angry red. The 
inflammation is most marked along the larger 
vessels that follow the malleus handle and the 
tympanic membrane periphery. If transudation 
and/or hemorrhage has occurred in the middle 
ear, a fluid level may be seen. In many instances 
this level will move upon changing the position 
of the patient's head. 

The experienced examiner has little difficulty 
in making the distinction between the appear- 
ance of the drum membrane in aerotitis media 
and that which accompanies infectious otitis 
media. Audiometer tests show a variable dimi- 
nution of hearing, depending upon the severity 
of the injury. 

The process of resolution is initiated when the 
pressure difference between the middle ear and 
outside atmosphere is neutralized. The sooner 
treatment begins the shorter will be the con- 
valescence. The convalescent period is variable 
and can last for weeks, depending upon the 
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extent of the trauma, the degree of obstruc- 
tion, and the efficacy of die treatment. The 
negative pressure in the middle ear must be 
relieved in order to facilitate absorption and 
drainagie of the entrapped fluid within the tym- 
panic cavity. 

During the later stages of resolution, exami- 
nation of the tympanic membrane gives an ap- 
pearance approaching normal, except for a dark, 
dusky, red streak along the handle of the mal- 
leus. This is usually the last sign of trauma to 
disappear. Shght retraction of the membrane 
ifiay be persistent for even longer periods of 
time. Traumatic ruptures of the tympanic mem- 
brane are usually linear or crescent shaped, and 
most frequently involve the posterior half. Ex- 
cludmg complications, they may heal complete- 
ly within a few days. In flie treatment of trau- 
matic ruptures instrumentation should be held 
to a minimum and extreme care taken to pre- 
vent introduction of infected material into the 
middle ear cavity by careless, Ul-advised and/ 
or unnecessary treatment. 

Aerotitis Media, Acute 

During ascent, positive pressures in the mid- 
dle ear of from 3 to 5 mm Hg are preceptible 
as a feeling of fullness in that area. At about 
10 to 15 mm Hg, the feeling of fullness is dis- 
tinct, somewhat annoying, and it affects the 
hearing by imparting a distance to sound' and 
a lessened intensity. Pressures of 15 to 30 mm 
Hg usually increase the discomfort and may be 
accOJtnparded by tinnitus. This is of a steady 
hissing or roarii^ character, or cracUing and 
snapping. Occsasionally there iftay be actual pain 
and mild vertigo. Above 30 mm Hg in the mid- 
dle ear, there may be increasing sensation of 
fullness, pain, possibly tinnitus, and vertigo. 
These sensations finally become unbearable. 

In normal individuals about 15 mm Hg is 
sufficient to force air out through the eustachian 
tube, reUeving the pressure in the tympanic 
cavity and consequently eliminating the accom^ 
panying symptoms. Narrowing of t3ie tubal lu- 
men, due to any cause, makes an increased pres^ 
sure necessity to produce tubal opening and 
closing. The pressure may be relieved gradually 
over a period of' time instead of instantaneously, 
and a greater amount of pressure than is nor- 
mal remains in the middle ear after the tube 
has again closed. 

In descent, the symptoms are more marked. 
The pressure is never relieved through its own 
force because of the flutter valve-like action at 
the nasopharyngeal orifice of the membrano- 
cartilaginous portion of the eustachian tube. For 
this reason the greatest difficulty usually occurs 
during descent in aircraft; the highest pressure 



differentials have been seen and studied experi- 
mentally under this condition. At about —60 
mm Hg pressure differential, the sensation of 
fullness is usually marked and the pain severe, 
resembling diat of acute otitis media. The tin- 
nitus is usually marked and many cases there 
is vertigo with nausea. At about 60 to —80 
ram Hg pressure difference, the pain is severe 
and radiates from the ear to the temporal region, 
the parotid gland, and occasionally in the mas- 
toid process. Deafness is marked, and vertigo 
arid tinnitus usually increase, however, the lat- 
ter may disappear. 

At a differential pressure between 100 and 
500 mm Hg, the tympanic membrane ruptures. 
This occurrence is a dramatic episode during 
which the patient feels "as though hit along 
the side of the head with a plank." A loud ex- 
plosive report is felt and heard in the affected 
ear; there is a sharp, piercing pain on the af- 
fected side and there may be vertigo aiid nausea 
accompanied by collapse or generalized shock. 
With rupture of the tympanic membrane the 
acute pain quickly subsides, but a dull ache 
persists from 12 to 48 hours* Rupture is usually 
followed by a sanguineus or a serosanguinous 
discharge. Hearing is distinctly diminished and 
vertigo and nausea may persist from 6 to 24 
hours. 

Aerdtitis Medfa, Ghranie 

There is a "full and stuffy" feeling in the ears 
and difficulty in "clearing" them, accompanied 
by a partial loss of hearing, which is either uni- 
lateral or more pronounced on one side. In some 
instances, the partial loss of hearing may vary 
from day to day. Head noises may be present, 
but rarely vertigo or pain. The condition is worse 
after flights, in acute infections of flie upper 
respiratory tract, during changes of weather and 
in fatigued or debilitated states. 

The tympanic membranes are usually re- 
tracted, but may be normal in appearance. Us- 
ually the drum membrane is dull, lusterless, 
and slightly thickened, and the light reflex is 
diminished, distorted or absent. Hearing acuity 
is diminished or distorted, eitha* unilatefEdly or 
bilaterally. In the latter case, there is usually a 
considerable diffeience between the two sides. 
This deafness is of the conductive type; the 
lower tones of the scale are depressed first. In 
severe cases, Rinne's test is usually negative; 
Weber's test may lateralize to the most involved 
side, and bone conduction may be prolonged 
beyond the normal. Examination of the ostfem 
of the eustachian tvibe may show the presence 
of a chronic inflammatory process or a mechani- 
cal obstruclicm caused by hyperplastic lymphoid 
tissue or, in rare eases, a new growth. 



AF MANUAL 161-1 



4-5 



Delayed Aerotttis Media 

Delayed aerotitis refers to that condition in 
which an aircrew member has no difficulty ven- 
tilating his ears during flight but develops signs 
and symptoms suggestive of acute aerotitis 
several hours later. It is a condition that devel- 
ops following a flight in which 100% oxygen 
was used during a portion or all of the flight. 
The flight is usually terminated in the late even- 
ing hours or during the night and the victim is 
asymptomatic at that Mme. Shortly after comple- 
tion of the flight, he retires and goes to sleep, 
but is awakened in the early morning hours 
with a sensation of one or both ears "stopped 
up," and there may be slight to severe pain in 
one Oip both ears. ExaminatiOii of the tympanic 
membrane will disclose retraction hyperemia 
and possibly fluid in the middle ear. The 
appearance of the tympanic membrane is ex- 
actly the same as in acute aerotitis. 

Diuing the past few years, certain aircraft 
have been provided with an oxygen system 
which delivers 100% oxygen to the pilot from 
the beginning to the end of the flight. This 
type of system is found in all aircraft equipped 
with the Fire-Well Kit. Delayed aerotitis occurs 
less frequently in jet aircraft equipped with a 
diluter-demand oxygen system. When symptoms 
occur in aircraft using the diluter-demand sys- 
tem, they are rarely severe. Current opemting 
procedures require that 100% oxygen be used 
in all jet aircraft during takeoff and landing. 
The simple prophylactic procedure of perform- 
ing the valsalva maneuver several times before 
retiring is suflBcient to prevent delayed aeroti- 
tis from developing after a flight in which 100% 
oxygen is used only on takeofE and landing. It 
appears that there is an increased incidence in 
severity in delayed aerotitus following flights in 
aircraft equipped with Fire- Well Kits. 

Physiology. The physiological mechanisms 
involved in delayed aerotitis is assumed to be 
that of oxygen absorption from the middle ear. 
While the pilot is awake he swallows once a 
minute on the average. While he is asleep, he 
swallows once every five minutes on the average. 
Thus, the eustachian tube opens more frequent- 
ly during the waking hours and serves to equal- 
ize any negative pressure that may develop in 
the middle ear. With the infrequent swallow- 
ing that occurs during sleep, the negative pres- 
sure may become of such magnitude that the 
eustachian tube does not open during the swal- 
lowing maneuver. 

The total partial pressvtre for venous blood is 
706 mm. The partial pressure of 100% oxygen 
in the middle ear is approximately 760 mm. 



Thus, there is a partial pressure of oxygen ia the 
middle ear about 54 mm. greater tlian in the 
venous blood. Only a few seconds are required 
for oxygen absorption to take place. As the oxy- 
gen is absorbed the atmospheric pressiuie of 
760 mm. forces the tympanic membrane inward 
and Urns causes pain. It must be remembered 
that not only is tlie middle ear filled with 100% 
oxygen after breathing it for several hours, but 
also the entire mastoid cellular structure. 

Suggested methods of prevention. Since de- 
layed aerotitis media usually occurs when the 
pilot goes to sleep immediately afta- a flight, 
he should be advised to delay retirement for 
30 to 60 minutes following the flight. During 
this period he should perform the valsalva ma- 
neuver almost continually. 

Theatment, When delayed aerotitis media 
has developed, it should be treated the same 
as any case of acute aerotitis media, as recom- 
mended in the following paragraphs. 

Complications. Although trained pilots us- 
ually avoid flying when they have an acute 
infection of ibe upper respiratory tract, because 
of the discomfort and pain in the ears, a con- 
siderable amount of flying has been done never- 
theless under just such circumstances. It might 
be expected that during descent the intermit- 
tent entrance of air from the nasopharynx to 
tbe tympanic cavity would carry with it septic 
material to the mechanically irritated tympa- 
num and readily set up an acute inflammatory 
process. While this is possible, there are few 
reports of such cases. 

Prophylaxis and tkeatment. Careful exam- 
ination during the selection process will elim- 
inate from flying many individuals who experi- 
ence difficulty in ventilating the middle ear. 
Aircrew members should be taught the simple 
facts about cause, efi^ect, and prevention of 
aerotitis media. Exposure to barometric pressure 
trauma should be avoided when the function of 
the eustachian tube is embarrassed to any de- 
gree. The warning of the flight surgeon, "Do 
not fly when suffering from a cold or sore throat," 
is difficult to heed, particularly when experience 
has taught that many such individuals can and 
do fly without sustaining discomfort in the ears. 
The loss of the services of an aircrewman for 
a few days as the result of a severe cold is far 
less detrimental to operaticjnal activities than 
the loss of his services for weeks, or even montiis, 
because of aerotitis media. 

The following principles of treatment are 
advised: 

1. Do not put anything in the external canal 

to relieve pain. It is not efi^ectivc and makes 
examination of the tympanic membrane difficult. 
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2. Be conservative and keep in mind the ob- 
jectives of your therapy, namely, the restoration 
of the normal pressure gradient between the 
middle ear pressure and ambient ^essure. 

3. Direct your therapy toward tbe nasopharynx 
and the eustachian tube. 

4. Be gentle. The mucous membrane is deli- 
cate; so do not add to the trauma by rough 

handling. 

5. Plan your therapy and develop your instru- 
mentation to a degree that insures gentleness 
and efBdeucy. 

6. Restore the middle ear physiology to nor- 
mal as quickly as possible. 

From these principles it becomes obvious that 
treatment is essentially conservative. Acute 
symptoms may be relieved immediately with 
the voluntary opening of the eustachian tube in 
the act of swallowing or performing the valsalva 
maneuver. In cases which the pressure has al- 
ready produced trauma, introduction of air into 
the middle ear cavity will not necessarily relieve 
the symptoms of trauma; tiiey may persist until 
recovery has taken place. Pressures that may 
only be uncomfortable at first, finally become 
painful. 

If symptoms appear before the aircraft has 
landed, reascent will sometimes bring relief, 
and a more gradual descent can then be made. 
Since this procedure is not always practicable, 
ofber measures must be applied. It is manda- 
tory that the patient be grounded until function 
of the eustachian tube has rettuned to normal. 
Bed rest may be indicated when the symptoms 
are severe. If one is to succeed in preventing 
recmxences, therapeutic attention should be 
directed to the contributory causes as well as 
to the primary of immediate cause. Some con- 
tributory causes may be blocking of the naso- 
pharyngeal orifice of the eustachian tube by 
hyperplastic lymphoid tissue, an allergic rhini- 
tis, deviated septum, acute infection of the 
nasopharynx, sinusitis, and disorders of the tem- 
peromandibular joint. 

Autoinflation by Valsalva's technique is oc- 
casionally effective. However, inflation of the 
middle ear, after shrinking, should be attempted 
by politzerization or catheterization, if autoin- 
flation is unsuccessful. The technique selected 
should be one with which the therapist is thor- 
oughly famiHar. The eustachian catheter, in the 
hands of the inexperienced individual, can cause 
more damage to the orifice of the tube than 
virill be compensated for by successful inflation. 
However ibe correct use of the eustachian cathe- 
ter is a mandatory skill for every flight surgeon 
to master. 

Politzerization is a safe and simple method 
for rapidly inflating the middle ear, Either the 



politzer bag or a source of compressed air may 
be used. In the bag method, the olive tip is 
placed in one nostril, the nose is compressed 
between the physician's fingers and the patient 
is then instructed to swallow. (A small sip of 
water will make swallowing a great de^ easier.) 

The thyroid cartilage x>rominence is observed 
and the bag is compressed when the promi- 
nence of the cartilage reaches the top of its up- 
ward exclusion. If compressed air is used, the 
pressure is turned down very low (beginning 
with 1 and never exceeding 6 pounds per 
square inch of pressure), and an olive tip, con- 
nected by a short hose to a bottle which is in 
turn connected through a thumb-operated valve 
to the compressor, is used. The nose and olive 
tip are compressed between the fingers similar 
to the bag mefliod and the valve is closed by 
the thumb of the opposite hand. This proce- 
dure fills the nose and nasopharynx with the 
compressed air. Then the patient is told to swal- 
low. The muscular effort of the pharynx, plus 
the increased pressure will, in time, open the 
tube. 

It may be necessary to increase the pressure 
gradually and carefully several times until air 
enters t^ie middle ear via the eustachian tube. 
After the initial block is overcome, the pres- 
sure may then be greatly reduced for subse- 
quent inflation. The patient is then positioned 
with the head bent forward and rotated, bring- 
ing the affected ear uppermost, thus placing the 
eustachian tube in a direct vertical line beneath 
the middle ear. Repeated inflations in this posi- 
tion wall in some instanees remove the fluid from 
the middle ear. T^is technique for removal of 
fluid may be repeated as often as necessary 
during the day. 

Early removal of fluid generally relieves the 
patient of most of his pain and it increases his 
well-being by relieving the conductive deafness. 
However, if this method is unsuccessful, other 
measures must be attempted with the basic 
therapeutic objective always in mind: namely, 
restoration of the middle ear cavity to a normal 
functional condition. 

As in other fields of medicine, conservative 
measures must be tried first, and if unsuccessful, 
more intensive procedures may be instigated. 
Again, it must be emphasized fliat liie Flight 
Surgeon must be able to skillfully and correctly 
use the eustachian catheter and the paracente- 
sis knife. He must know how to use these in- 
struraents, when to use them and when not to 
use them. Certainly, they are not the first dloice, 
but they have a definite place in the treatment 
of the refractory case. 
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Catheteeization procedure. When conser- 
vative measures have failed and catitieteriza- 
tion is deemed the next advisable step, the fol- 
lowing should be considered: 

1. Gentleness, gentleness and more gentleness. 
It is not necessary to hurt the patient or to 
tratimatiize tissue. 

2. Thoroughly shrink ^mih. decongestant (Vifo 

neosynephrin). 

3. Examine and evaluate the nasal passageway 
through which you intend to insert the catheter. 
In some cases, due to septal deviation, the use 
of the catheter is impossible. 

4. Apply anesthesia. Suggest that 2% or 4% 
cocaine, on a cotton tipped wire apphcator, may 
be passed gently once or twice along the floor 
of the nasal passageway, and then allowed to 
remain in the area of the nasopharyngeal tube 
orifice for approximately 30 seconds. Be careful 
to squeeze excess cocaine solution from appli- 
cator. Use it sparingly and caution tlie patient 
against swallowing any of the bitter tasting 
solution. Baifbiturates aj^ tihe best asatidote far 
cocaine poisoning, and should be ready in a 
sterile syringe and needle. 

5. Assemble and have close at hand politzer 
bag, Toynbee or diagnostic tube, eustachian 
catheter of medium size and proper curve (be 
sure the lumen of tihe catheter is free of water), 
and rubber tube extension and adaptor to efiEect 
connection of politzer bag to eustachian cath- 
eter or pressure apparatus that will register 
from 1 to 2 pounds of pressure when obstruct- 
ing end of catheter with the finger. Start with 
I pound of pressure. 

6. Place Toynbee or diagnostic tube in ears of 
the patient and the operator. 

7. Pass catheter through nasal passageway un- 
der direct observation using nasal speeulum. 
Allow catheter tTibe orifice to slide ^Jitly along 
nasal floor. As catheter dips, in sliding past the 
hard palate on to the soft palate, gently rotate 
opening lateralward and aMow it to slide gently 
into the eustachian tube orifice which Hes im- 
mediately behind posterior tip of inferior tur- 
binate. 

8. If catheter is in tubal orifice, the eyelet of 

catheter will be pointing toward patient's ear 
on affected side. Gentle resistance is encoun- 
tered. DO NOT FORCE. 

9. Connect politzer bag and adaptor rubber 
tube (or adaptor from pressure machine) to 
catheter and inflate gently and intermittently, 
listening for auscultatory sounds through the 
Toynbee tube. Ask patient if he feels any air 
entering his ear, If unsuccessful the first time, 
you have probably fallen into the fossa of Rosen- 
muller, so gently detach politzer bag and adap- 
tor, rotate catheter in exact reverse direction 



used to insert it, gently pull catheter toward 
you about % of an inch and gently fOtatt it 
outward again. Feeling gently for the tubal 
orifice, repeat inflation procedure. Repeat the 
whole procediu-e until auscultatory sounds ate 
heard through the Toynbee tube. 

Note: Keep in mind that the eustachian tube 
may be tightly closed and Seveial compressions 
of the politzer bag in snocession, or slightly 
increased pressure from the machine, may be 
necessary to open it sufficiently to transmit air 
sounds up the tube to the middle ear and so 
to the Toynbee tube and to the operator's ear. 
The ausculation of air sounds in the middle ear 
after experience will begin to present degrees 
of difference and diagnostic clues to the astute 
observer. Also, an observe can watch the mem- 
bratia tympani and determine whether infla- 
tion has been successful or not. 
10. Repeat inflations as often as necessary to 
re-establis|i function. Gentleness is mandatdry 
and trauma due to roughness is inexcusable. 

Tecsbekiqde of paracentesis. The following is 
the technique of paracentesis: 

1. Gentleness is the keynote. 

2. Decide whether or not inflation of the 
estachian tube will help by producing the max- 
imum middle ear space in which to work. 

3. Paracentesis should always be performed 
under direct vision, either aural speculum and 
head mirror, or electric otoscope. 

4. Establish and be sure of landmarks and the 
present location of the posterior inferior drum 
quadrant and its relationship to the external 
auditory canal. 

5. Local anesthesia is ineffective. The small 
incision will be painless if the handle of the 
malleus and external canal wall are avoided. 

6. Make incision in the posterior inferior quad- 
rant, taking care not to scrape the very sensi- 
tive promontory. 

7. After incision, carefully examine external 
canal for presence of fluid. Gentle suction of 
the external canal, with a blunt 24-gauge spinal 
needle may be necessary, together with gentle 
inflation of the eustachian tube to insure com- 
plete fluid removal to restore hearing and alle- 
viate pain. 

8. Follow patient daily until he is better. Be- 
sides the contiol of pain and headache by anal- 
gesics and hypnotics, the applieation of dry heat 
to the external ear offers considerable relief to 
the patient, and possibly increases capillary 
dilatation and absorption vrtthin the tympanic 
cavity. 

Ruptures of the tympanic membrane are 
rare and should be treated expectantly. Sterile 
cotton, placed loosely in the external auditory 
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meatus, is helpful during cold weather. No in- 
strumentatioh is most porbably the wisest course 
to pursue. Therapeudc procedures should be 
conservative and generally intranasal. They 
should be aimed at maintaining and supporting 
normial eustachian tube function. 

The prognosis of aerotitis media is good, but 
repeated exposures may result in progressive 
interferences with the conduction mechanism 
of the ear and consequent serious impairment 
of hearing. 

Whether to recommend resumption of flying 
when subjective symptoms have been relieved 
depends upon the appearance of the drum mem- 
brane, of the nasal mucosa, and of the naso- 
pharynx. The eustachian tube should not resist 
inflation by the time the patient is ready to 
return to flying duty. 



Aerosinusltis 

When the sinus is normal and the ostium is 
patent, free flow of air between the cavity and 
the exterior, resulting from a difference in pres- 
sure between the air of the sinus cavity and the 
surrounding atmosphere, brings about equih- 
brium during ascent and descent without sensa- 
tion or change of structure, (See Figure 4-2.) 

Etiology. During the flow of air several un- 
toward events may occur. Fluid, mucus, pus, 
or similar substances may enter the ostium along 
with the air as outside pressure is increased. 
( See Figure 4-3. ) Obstruction of the ostium 
by redundant tissue or anatomical deformities 
may prevent equalization of pressure. ( See Fig- 
ure 4-4.) 

If blockage of the ostium by swollen tissues 
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Figure 4-2. Occlusal Factors in Maxillary Antrum in Flight 

A. During ascent any valvular formation within the sinus cavity will prevent 
the exit of air from the sinus as the atmospheric pressure decreases. I>. Dur- 
ing descent and increase of atmospheric pressure similar formations on the 
nasal side of the ostium will prevent the entrance of air into the sinus. 
A. Ascent A 1. V — Developmental flap-valve formation of sinus mucous 
naembiane. A 2. M — Swelling of the mucosa of sinus with flutter-valve 
effect. A 3. P — Mucosal polypus in sinus constituting a ball-valve, A 4. S — 
Effusion in sinus cavity acting as an, exhaust-piston. D. Descent D 1. V — 
Developmental flap-valve formation of nasal mucous menibrane with flutter"- 
valve effect. D 3. P — Polypus presenting in nasal fossa and acting as a ball-valve. 
D 4. S — Effusion in sinus cavity with exhaust-piston effect. ( Reproduced by 
the permission of Dickson, E. D, D., et al., Contributions to Aviation Otolaryn- 
gology, London, Headley Brothers, 1947. ) 
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Aspiration of Nasal Secretion on Descent 




Figure 4-3. Frontal Sinus during Flight 



or anatomical deformities does occur, the cavity 
pressure to the exterior is positive on ascent 
and negative on descent. Aerosinusitis is usually 
frontal, but it can involve any of the sinuses. 
It is due to a difiference in air pressure within 
the sinus cavity and the air pressure of the am- 
bient air, and this difference in air pressure can 
produce excruciating pain. The pressure dif- 
ference is caused by a blocking of the sinus 
ostia vsrhich prevents normal interchange of 
sintis and ambient air. 

Symptomatology. As has already been 
pointed out, occurrence of pain in aerosinusitis 
on ascent is far less frequent than on descent. 
Pain is severe and almost always locahzcd in 
the frontal region. This agrees with the accepted 
view of referred sinus pain. Local tenderness 
over the sinus is often present and persistent. 
A sucking noise high up in the nose is described 
by some patients and is often thought to be in- 
dicative of submucosal hemorrhage. Occasioilal- 
ly, a patient will exhibit lacrimation. Piu-ulent 
and mucopurulent discharge will be seen in a 
great number of patients. Roentgenography 
gives the most rehable evidence of a sinus lesion 
(thickened lining, polyps, opacity), but does 
not clearly differentiate the contributory factors 
of pre-existing disease or anatomical abnoraiali- 
ty from the result of barotrauma. 

Tissue specimens in cases of recurrent aero- 
sinusitis exhibit subacute or chronic inflamma- 
tory changes such as edema congestion, muc- 
ous and submucosal hemorrhages, infiltration 




Figure 4-4. BarometriD Adjustment Within the Sinus nn 
Change of Altitude 

On ascent, adjushnent of sinus 
pressure is made by escape or 
iair from the siaus. On descent, 
adjustment of sinus pressure is 
made by entry of air into the 
sinus. 
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with polymorphonuclear leukocytes, lympho- 
cytes, and plasma cells, and some fibroblastic 
hyperplasia. These findings are exactly the same 
as in subacute sinusitis. The hemorrhages, con- 
gestion, and edema may be barotraumatic in 
origin. 

Prophylaxis and treatment. Primary con- 
ditions which affect the nose (septal deviation, 
allergy, polyps, infections) must be corrected 
before a candidate is qualified for flying. Tem- 
porary factors contributing to the blocfeige of 
the sinus ostia, such as an acute upper respira- 
tory infection, are cause for grounding ilying 
personnel until the condition has subsided. 
Should emergency conditions require flying 
when aircrewmen have an upper respiratory 
infection, nasal vasoconstrictors should be em- 
ployed before ascent and descent. 

The immediate treatmeait of aerosinusitis is 
reascent until the air pressure within the sinus 
is the same as that of the outside atmosphere. 
Subsequent descent should be as gradual as 
possible, thus affording every opportunity for 
pressure equilibrium to take place. In the treat- 
ment of aerosinusitis, the following should be 
kept in mind: 

1. Penicillin or antibiotics will not cure this 
condition. 

2. Time will cure a great percentage of the 
cases, but it is cruelty to allow time to be the 
only therapy in your armamentariurn, 

3. It is produced by mechanical blockage, and 
mechanical measures must be taken to overcome 
the condition. Thorough intranasal shrinkage is 
a must with particular attention devoted to the 
areas beneath the middle turbinates. Proetz' 
displacement therapy may be tried in addition 
to shrinkage. 

4. Analgesics should be employed if pain is 
severe. Systemic vasoconstrictors are necessary 
in addition to intranasal shrinkage. 

5. When shrinkage of the nasal mucosa by 
means of sprays and packs to the middle meatus 
are ineffective, the middle meatus should be 
anesthetized with a local anesthetic and the 
middle turbinate infracted. The procedure for 
infraction consists of inserting a narrow instru- 
ment, such as a sub-mucous elevator, iato the 
anterior portion of the middle meatus and with 
firm pressure toward the midline, fracture the 
turbinate bone. It is necessary to fracture at 
least tjie anterior half of the middle turbinate 
and move it toward the midline since the ostia 
to the sinuses are located in this area. The goal 
of treatment is restoration of sinus physiology 
and equalization of pressure as quickly as pos- 
sible. If conservative naefliods are Ineffective the 
maxillary sinus should be entered with a cannu- 



la through the natural ostium or with a needle 
through the inferior meatus. 

6. If the attack is precipitated by the edema 
attending an infectious process in the upper 
respiratory tract, antibiotics should be employed, 
in addition. 

7. If the condition is not alleviated within 24 
hours and the physician has reached the limit 

of his experience, the patient should be placed 
in the hands of the nearest otolaryngologist. 

Allergy of the Nose and Sinuses 

Since allergy so often sets the stage for aero- 
sinusitis and aerotitis media in aircrewmen, it 
seems pertinent to discuss the question of 
hjrpersensitivity in the upper respiratory tract 
at this juncture. 

Allergy is now recognized as the most impor- 
tant underlying etiological factor in chronic 
rhinitis and chronic sinusitis. Estimates estab- 
lish this factor as operative in 50% to 90% of 
the cases. The development of diagnostic tech- 
niques, and application of therapy directed to 
the etiology in nasal conditions, have modified 
present methods of treatment of rhinitis and 
sinusitis as profoundly as the antibiotics have 
in the control of infection. Allergy of the nose 
and paranasal sinuses is manifested both season- 
ally and perennially. Other manifestations in 
the otolaryngic field may involve the external 
ear, eustachian tube, middle ear, the labyrinth, 
salivary glands, and the larynx. Allergic head- 
aches are not uncommon. 

Symptoms. Typical aHergie reactions in the 
nose and throat consist of sneezing, nasal dis- 
charge, obstruction, and itching. Many cases 
exhibit minimal symptoms, such as slight nasal 
stuffiness and post nasal drip, or what are 
thought to be frequently recurring colds. Sea- 
sonal symptoms of hay fever are related to 
periods of pollination of certain trees. Grass hay 
fever relates to the early summer. Hay fever 
due to weeds develops in the late summer and 
ordinarily prevails over a longer period of pol- 
hnation. A dust season is recognized. It per- 
sists from early winter when heating systems are 
turned on until spring when artificial heating 
is no longer required. Dust allergy is also per- 
ennial. Symptoms of food allergies are related 
to the ingestion of certain foods, although es- 
tablishing this hnkage may be difficult. 

Diagnosis. In the major allergies (hay fever, 
asthma, and allergic rhinitis) the family his- 
tory is positive in most cases. Inheritance as a 
Mendelian dominant characteristic has been sug- 
gested. Careful taking of both personal and fam- 
ily medical history is, therefore, of the utmost 
importance. Previous evidence of allergy of other 
systems such as the cutaneous manffestations 
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or symptoms referrable to tlie gastroiiilestinal 

tract, may have been present in childhood. 
Manifestations associated with otolaryngologic 
symptoms, as bronchial asthma or allergic 
bronchitis, must be determined. 

The typical allergic nasal mucosa is charac- 
terized by pallor, edema, bogginess, and/or 
polyposis; however, it may occasionally appear 
red and dry. At times, changes are minimal 
or limited to mild turgescence. A profuse, thin 
secretion, worse in the mornings, is a charac- 
teristic finding. When stained with Eansefs stain 
which is a new one-minute procdure technique, 
and examined microscopically, nasal secre- 
tions may reveal an eosinophilia. (When Han- 
sel's stain is not available, other eosin type stain 
may be used.) This is an important diagnostic 
finding, although superimposed infection may 
obscure the typical eosinophilic reaction. 

In almost every differential diagnosis of what 
appears to be an acute rhinitis or sinvisitis, the 
possibiHty must be considered that the condi- 
tion may be allergic in nature. Nasal cytologic 
smears may be the most informative laboratory 
aid in establishing the diagnosis. Roentgeno- 
graphic studies of the paranasal sinuses may 
also be helpful in distinguishing between the 
acute, usually unilateral infection, and the aller- 
gic involvement which is almost always bilateral 
or shifting. The characteristic finding in an al- 
lergic sinusitis is the thtekened mucous mem- 
brane with or without the evidence of polyps. 
The patient with unilateral acute sinusitis usual- 
ly will not have thickened mucous membranes 
and in many instances a fluid level can be 
demonstrated if the pictures are taken with the 
patient in an upright position. 

In determining specific causative factors, in- 
tradermal injection of antigen or scratch test- 
ing is highly, but not completely, accurate with 
regard to inhalants such as pollen, dust, mold 
and danders. Of the two methods the intrader- 
mal method is perhaps the most accurate, how- 
ever, it is also the most dangerous. One must be 
extremely careful and at all times on the alert 
for allergic reactions. In case of reactions the 
individual performing the tests must have im- 
mediately available the necessary items to coun- 
teract such reactions, namely, tourniquet and 
adrenalin. 

The severity of symptoms is a good indicator 
of the degree of dilution of the antigen to be 
used for testing purposes. If no reactions are ob- 
tained with the first dilutions tried, a stronger 
dilution may be used for retesting. Usually 12 
tests per day are performed. If more are at- 
tempted, a cumulative reaction may result. 
This technique is quite inaccurate for foods. 



EHmination diefe, with ©UminatiQn of one food 
at a time from the diet, may have to be em- 
ployed. 

TR3EATMEisrT. Where it is impossible to remove 
the allergen from the environment of the 
patient, specific hyposensitization with the of- 
fending antigen provides tiie only therapy giv- 
ing lasting relief to cases of any degree of sev- 
erity. Hyposensitization therapy is best carried 
out by the trained allergist, however, by using 
the optimal (minimal) dosage method of thera- 
py, the control of tiie allergy of an individual 
can be handled by the Flight Surgeon. 

Many difficulties are present in the treatment 
of Air Force personnel for allergy, but there are 
none which camnot be solved by a little time, 
patience, and ingenuity. Present regulations per- 
mit many ditEerent degrees of severity of aller- 
gies in &e general personnel; however, care 
must be teken to rule out severely handicapped 
allergic individuals from being placed on flying 
status. Military operations do not permit trans- 
fer of personnel to specific geographic areas for 
relief of allergy. Diets to eliminate particular 
foods are not available. 

AUergy proofing of beds, pillows, and rooms 
cannot he accomplished except by one's own 
ingenuity; however, an attempt is being made 
to remedy this condition in the near future. The 
maintenance of hyposensitizing injections of 
antigens is diflicult since personnel are subject 
to frequent movement. Flying imposes an addi- 
tional hazard to impaired nasal function. Not 
only is there danger of aerotitis media and 
aerosinusitls while flying with swollen nasal 
mucosa, but temperature, humidity, and climatic 
changes add to the dangers of infection. 

Much of the treatment employed in nasal 
allergy is necessarily symptomatic. Oral and/ 
or topical vasoconstrictors are used routinely, 
It is best to reserve such medications as napha- 
zohne hydrochloride until the effectiveness of 
other drugs has been exhausted. The patient 
should be warned of addiction, and the tenden- 
cy of the drug to produce chronic nasal obstruc- 
tion. Amphetamine hydrochloride inhalers are 
convenient for aerial use. The action of the in- 
haler is short-lived, and some individuals will 
suffer a rebound congestion which approximates 
or exceeds that present before using the inhaler. 
In addition, there is a decided shift of nasal 
pH to alkalinity. Several new drugs are now 
available in plastic atomizers which can be con- 
veniently carried and used dm±ig flight. 

Oral preparations of ephediine, or ephedrine 
and aminophylline, usually combined with a 
barbiturate or propadirine are quite effective. 
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The following is a satisfactory prescription: 
ephedrfne sulphate % gr 

amytal 1/4 gr 

aspirin 3 gr 

Sig; 1 q 3 - 6 hrs if necessary 
The newer antihistaminic agents give promise 
of symptomatic relief. The advisability of using 
these agents in aircrewmen depends upon the 
proper evaluation of the effects of these drugs 
on the central nervous system. Many of the an- 
tihistamines have specific side effects which 
are more severe than the effects of some of the 
commonly used barbiturates. Hence, there is a 
definite danger in unauthorized and/or pro- 
longed use of such medications. They should not 
be used dining the 48 hours preceding a flight. 

A large part of the mechanism by which al- 
lergy underlies pathology of the sinuses is that 
of obstruction to drainage. At times such obstruc- 
tion is simple mucosal swelling and rehef is 
obtained by return of the mucosa to normal. 
Sinus infection will then ordinarily clear, and 
recurrences may be prevented by adequate 
aUergy therapy. For this reason, the use of an- 
tihistaminic agents in acute sinusitis has fre- 
quently been satisfactory. 

Allergy, or a combination of allergy and sup- 
puration, may lead to marked hyperplastic 
changes in the nasal and sinus tissues. These 
changes may have progressed beyond the point 
where allergic control can restore normal func- 
tion. In such cases, surgical exicision of the ob- 
structing tissues, and the provisions of adequate 
drainage of the sinus by a surgical "wdndow" or 
surgical exenteration of the sinus should be con- 
sidered. Much of the surgery of this type has 
been disappoiattog because of the failure to in- 
stitute proper measures for control of the allergy 
subsequent to surgery. Present techniques uti- 
lize these measures with considerable improve- 
ment in surgical results permitting surgical 
"cure" with much less radical procedures. 

Otitis Media 

The incidence of otitis media has dropped 
sharply since about 1936 for no known reason. 
The otolaryngologist today is rarely called 
upon to perform a simple mastoidectomy and 
he may go through his entire professional career 
without once performing a mastoidectomy of 
the type which has arisen as a sequelae of an 
acute infectious process in the middle ear. Gen- 
erally, one may say that acute otitis media is 
one disease which is readily amenable to anti- 
biotic therapy, However, there are several 
variant forms of otitis media, both acute and 
chronic, which do not respond to antibiotics, 
and the Flight Surgeon must be able to effective- 



ly treat cases of this sort. Aerotitis media is one 
of these and has been dealt with at length in 
preceding paragraphs. 

Serous or nonsuppurative otitis media in the 
acute phase is similar to aerotitis media and 
therapy must be directed toward the same goal, 
namely, the restoration of the middle ear and 
the eustachian tube to a normal functional state. 
The same principles outlined for the treatment 
of aerotitis apply equally as well in the treat- 
ment of serous or nonsuppurative otitis media. 
However, the Fhght Surgeon must also keep in 
mind that serous otitis media may be super- 
imposed upon an allergic mucosa and addition- 
al therapy, duected toward control of the al- 
lergy, will be necessary if a cure is to be effected. 
Again, the same mechanical factors of eustach- 
ian tube obstruction may be of equal Importance 
and require correction before resolution of the 
otitis media can take place. 

The problem of chronic otitis media remains 
unsolved and may prove troublesome to the 
Flight Surgeon. Frequently the service of an 
otolaryngologist is mandatory due to the many 
complex aspects of this disease. The Flight Sur- 
geon must remain constantly aware that chronic 
otitis media is common in all age groups, and 
that it must be differentiated from external 
otitis. Furthermore, the flight surgeon should 
remember that small marginal perforations, 
especially in ShrapnelFs membrane, may be as- 
sociated with chlosteatoma and should be consid- 
ered dangerous to the patient's health because 
of the possibility of the extension of the lesion 
into the intracranial cavity. In contradistinction, 
large central perforations, associated with mu- 
coid or mucopurulent discharge and activated 
by head colds, arc usually not dangerous even 
though they may cause much discomfort. A 
crewmember with acute or chronic otitis media 
must be removed from flying until the disorder 
is cured. 

A careful history is an important diagnostic 
procedure. It should be followed by a thorough 
cleansing and careful examination of the ear 
canal, tympanic membrane, nasal passageway, 
nasopharynx, and throat. All therapy should be 
directed toward securing a freely functional, 
unobstructed eustachian tube, a clean and phys- 
iologically hygienic nose and nasopharynx and, 
lastly, a meticulously clean and unobstructed 
external ear canal. Infections of lymphoid tissue 
in the throat and nasopharynx must be looked 
upon with suspicion and empirically treated and 
cured. 

The external canal in chronic otitis media 
must be treated with the same insistent care 
under direct visuaUzation as is necessary in the 
treatment of external otitis. Gentle suction, and 
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swabbing with removal of detritus and debris 
in conjunction with a hydrophilic ear solution 
should be employed. A solution of 95% alcohol 
with boric acid may be employed, but is has 
a tendency to cwase marked discomfort to the 
exposed and sensitive mucosal surfaces of the 
middle ear cavity and the eustachian tube. There 
are many glycerite and/or urea preparations 
which can be employed as a cleansing agent. 

The patient with a chronically discharging 
ear must be approached by the Flight Surgeon 
in a positive and reassuring manner, being at 
all times prepared to take specific and well 
planned therapeutic steps. He should keep his 
ultimate therapeutic goal in mind and must also 
be mindful of the limitations imposed upon him 
by the situation at hand and by his own train- 
ing. The preceding planned steps should be 
taken. If they fail, the Flight Surgeon should 
expediently place the patient in the hands of 
a specialist who can carry out necessary tfeat- 
ment so that the individual can be returned to 
full military duty, or discharged from the serv- 
ice, with a minimum of delay. 

Deafness 

The Flight Surgeon is constantly called upon 
to deal with the problem of deafness. The 
diagnosis, treatment, control, and prevention of 
deafness of any degree is an important part of 
his varied duties. The surgeon must be aware 
of the etiological factors which can produce 
hearing loss. 

Hearing loss is usually divided into two broad 
types, conductive type and perceptive type. 
Among the factors which cause a conductive 
type of hearing loss are: congenital atresia of 
the external auditory canal; stenosis of the ex- 
ternal auditory canal, either congenital or ac- 
quired; foreign bodies in the external auditory 
meatus, including serumen, perforations of the 
tjonpanic membrane; otitis media due to 
barotrauma; acute or chronic suppurative otitis 
media; acute or chronic nonsuppurative (serous) 
otitis media; chronic mastoiditis; adhesive otitis 
media; and otosclerosis. Among the factors caus- 
ing a perceptive type of hearing loss are: acous- 
tic trauma; head injury; toxic reactions to infec- 
tions Qi drugs such as quinine or streptomycin; 
tumors or neuritis of the acoustic nerve; aphasia, 
congenltai or acquired (as a result of a cerebro- 
vascular accident); psychogenic Eind malinger- 
ing. 

The audiometer is a useful diagnostic instru- 
ment if used carefully and correctly. Hearing 
evaluation should include a thorough and care- 
I'ul physical examination of the ear, nose and 
throat. This should be followed by thorough 
audiometrie and tuning fork evaluations. The 



former should include air and bone conduction 
tests and a. loudness balance test. The tuning 
forks should be employed in the Riime, Weber, 
and Schwabach tests. A caloric test (modified 
Kobrak) can prove very helpful, since it indi- 
cates whether or not the patient has a viable 
nerve. Following this the necessary laboratory 
studies should be performed and if the above 
steps are performed, a diagnosis and plan of 
treatment should be evident. 

The Flight Surgeon also serves as a preventive 
medicine officer in the area of sound and noise, 
and his commander has a right to expect and 
solicit his advice concerning necessary prophy- 
lactic mcasiues to be employed on an air base. 
The location of jet test blocks, the advisability 
of personnel protective devices, sueh as ear 
plugs, helmets, and the like, are matters of con- 
cern to the Flight Surgeon, He has information 
available through his textbooks and AF Regula- 
tions. In addition, the School of Aerospace Medi- 
cine at Brooks Air Force Base stands ready to 
help at any time. The mission of the Flight 
Surgeon is steadily growing in importance and 
scope, and he can and should be an essential 
member of the flying teams of the United States 
Air Force. 

Headache 

As the stress and strain of every-day life 
increases with each new complexity of living, 
the physicians, both military and nOn-military, 
are confronted with lengthening lines of head- 
ache sufferers. To paraphrase Oliver Wendell 
Holmes, "If one wished to show a young doctor 
the difficulties of medical practice, he might be 
given a headache to treat." The causes of head- 
ache are tremendous in number. 

A few basic precepts should be borne in mind 
when the headache patient presents himself in 
the FKght Surgeons' Clinic. Do not make an 
orphan of him on his first visit by farming him 
out to other departments. A careful history 
should be elicited in a search for the cause of 
the headache. If the cause is obscure, the etio- 
logy should be broadly classified at first into 
perhaps the following categories. Is the head- 
ache cranial, intracranial, or cranial nerve in 
orign? Is it of ocular, nasal, or systemic origin? 
Is it due to neck pathology? Is it histamine in 
type? Is it migraine in type? Lastly, is it 
principally of the tension type which is the most 
common type encountered? 

To discuss completely the diagnosis of all the 
types of headache referred to above is clearly 
not within the scope of this brief discussion, and 
indeed most of the information is already part 
of the Fhght Surgeon's medical background. 
Additional information can be secured from 
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exceHent textbook sources in most hospital 
libraries. Hoewver, it should be borne in mind 
that migraine is a symptom complex, which is 
extremely variable and that it is not a specific 
disease entity. It may vary from a simple, but 
excruciating temporal arteritis, to a purely psy- 
chic variety with or without the accompaniment 
of systemic symptoms. It may also be allergic 
in origin. Hence, the causes of headache may 
cross and interrelate. 

The headache, or actual pain which accom- 
panies acute sinusitis, whether infectious or 
aerosinusitis, may be extremely severe and dis- 
abling. It is usually localized with tenderness 
over the sinus involved. On the other hand the 
headache due to chronic sinus involvement is 
usually of a dull, intermittent nature. Regardless 
of cause, the Flight Surgeon should apply his 
basic medical knowledge to the diagnosis and 
treatment of headache, with the same intensity 
that he does to other disorders. A thorough at- 
tempt should be made to establish the cause of 
the headache and subseg^uent therapy should be 
directed pointedly toward tbe removal of that 
cause by sound medical principles and practices. 

Sinusitis 

Sinusitis may be etiblogically classified into 
several large groups; infectious, allergic, trau- 
matic, and mechanical. The infectious process 
occurring in acute and chronic sinusitis is usual- 
ly unilateral, and generally it is secondary to 
an infectious process elsewhere in the upper 
respiratory tract, such as a head cold. Chronic 
sinusitis is usually bilateral and it is most fre- 
quently superimposed upoii an allergic mucosa. 
It may be precipitated by mechanical blockage 
due to hyperplastic and/or edematous mucous 
membranes. 

An infectious sinusitis may be superimposed 
on allergic mucous membranes or exacerbated 
by barotrauma because of mechanical blockage 
due to some minor anatomical deviation. Hence, 
causes may be linked and interrelated, and this 
fact must be kept in mind continually in treat- 
ing the sinusitis patient. All therapy has but 
one goal, namely, the restoration of normal 
physiological function to the sinuses and adja- 
cent anatomical areas, i.e., the nose, nasophar- 
ynx, and the entire upper respiratory tract. 

A few general precepts in dealing with sinusi- 
tis cases should always be kept in mind. The 
type of sinusitis should be determined since the 
treatment will vary according to the type of 
involvement. A thorough and diligent search 
should be made for the precipitating cause. In 
acute sinusitis: 

1. The area to be treated lies under the middle 



and superior turbinates in the nose since this is 
where the sinus ostia are located. 

2. Intranasal shrinkage and therapy is an es- 
sential part. (Utilize Proetz' technique.) 

3. The acute infectious or purulent sinusitis 
case should generally be placed on antibiotics. 
Absorption and some degree of toxicity is us- 
ually present and can be marked. However, the 
dosage should be adequate and should be con- 
tinued for seven to ten days. Clinically, "one 
shot" therapy can only be condemned in the 
treatment of acute sinusitis cases. 

4. A persistence of pain for over 48 hours sug- 
gests necessity for treatment of a more intensive 
nature. Infraction oi the middle turbinate should 
be performed under local anesthesia. When this 
fails to provide drainage and relief of pain, the 
sinuses should be irrigated. Under antibiotic 
therapy this may be performed at any time in 
the course of the disorder. Approach the sinu- 
sitis patient with a positive attitude. In nearly 
aU cases something can and should be done to 
cure or alleviate the conditiori, When a patient 
has recovered from a current attack, a careful 
and thorough search for contributing factors 
should be conducted and an effort made to cor- 
rect or remove those factors. 

Upper Respiratory infections 

The Flight Surgeon during his ordinary sick 
calls grows increasingly aware of the necessity 
of treating the area of the nose, throat, and 
nasopharynx, if he is going to lower his non- 
effective rate. Tonsillitis, adenoiditis, pharyn- 
gitis, and laryngitis are among the conditions 
he is most commonly called upon to treat. A 
few general precepts will be listed in the hope 
that they may serve as general landmarks of 
therapy. Tonsilitis, when acute, should usually 
be considered as a five to ten day disease. The 
attitude of "one shot therapy" in the acute ton- 
sillitis patient is an attitude that only leads to 
inadequate therapy, and to sensitized and un- 
happy patients. 

If the patient is exhibiting sufficient toxicity 
to warrant the employment of antibiotics, they 
should be vigorously employed for the optimum 
time and in the optimum dosage. The nasophar- 
ynx is the great forgotten area. Many a fever 
of unknown origin could have been diagnosed 
if the examiner had thought to examine the 
nasopharynx. The adenoid tissue in the naso- 
pharynx, like the tonsils, is normally infected to 
some degree or another; this degree of infec- 
tion can and does fluctuate widely, producing 
febrile and systemic reactions at its peak. 

Because of this persistence of infection in 
lymphoid tissue, an impervious pyogenic mem- 
brane is readily formed. This walls off the in- 
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f^^on from the noamal circulatory Systran, 
making the use of systemic antibiotics of little 
or no avail. 

Intratonsillar and paratonsillar abscesses may 
require simple incision and drainage before 
resolution takes place, otherwise, the patient is 
condemned to a prolonged and miserable con- 
valescence. 

The treatment and recognition of pharyngitis 
is of basic medical Imo^edge and is just men- 
tioned in passing. However, treatment of laryn- 
gitis and hoarseness should follow several rath- 
er general principles. The larynx should be vis- 
ualized if at all possible. Fundamental therapy 
should consist of voice rest and steam inhala- 
tions. The voice rest should be absolute. A care- 
ful and thorough search for a primary cause is 



mandatory. The sinuses should be suspected 
and carefully evaluated, and the pharynx and 
nasopharynx thoroughly inspected. 

Until proven otherwise, persistent hoarse- 
ness should be viewed as a possible symptom 
of malignancy of the vocal cords. The Flight 
Surgeon should make every attempt to visual- 
ize the vocal cords in sJl cases of hoarseness, 
but ii circumstances prevent him from doing so, 
he should solicit the assistance of the nearest 
otolaryngologist. This last rule is of first and par- 
ticular importance in the patient who is persis- 
tently hoarse. Application of these basic rrdes 
of ear, nose, and throat practice will do much 
to insure the success of the Flight Surgeon and 
will aid in securing the respect and good will 
of the fl}'ing men whom he serves. 
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Flight, unnatural endeavor that it is, imposes 
its greatest effects upon the body through the 
accelerative forces appHed during the course of 
aerial maneuvering. Thei'e is no human limita- 
tion to speed in straight and level flights, only 
to the changes in velocity or direction. A thor- 
ough understanding of accelerative forces and 
their relation to the human body in flight is 
fundamental to the practice of aviation medi- 
cine. The effects of accelerative forces regarding 
equihbrium, spatial orientation, airsickness, and 
"G" tolerance will be discussed in this chapter, 

BASIC PRINCIPLES OF AIRCRAFT MOTION 

All flying is based upon one or roore funda- 
mental maneuvers of flight. With certain excep- 
tions, all these maneuvers involve movements 
about different axes of the aircraft. There are 
three axes about which an aircraft will rotate, 
and three ilight controls which may be used to 
control this rotation. The axes are the lateral, 
vertical, and longitudinal; the flight controls are 
the elevaiors, md4er, and ailerons, 

hAt^RAL AfflS. An imaginary line which runs 
from wing tip to wing tip through the center of 
giavity, perpendicular to the longitudinal and 
vertical axis. Botatton a:bout this axis (pitch) 
is controlled by the elevators. The elevators are 
the movable horizontal surfaces on the tail 
of the airtaraft controlled by forward or back- 
ward pressure on the stick. In straight-and-level 
flight, when forward pressure is applied to the 
stick, the nose moves down; when back pressure 
is apphed to the stick, the nose moves up. 

"VEwncAL AXIS. An imaginary line which runs 
through the center of gravity, perpendicular to 
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the lateral and longitudinal axis. Rotation about 
this axis (yaw) is eoalarolled by the rudder. 
When pressure is applied to the right rudder, 
the nose will move to the right. When pressure 
is applied to the left rudder, the nose wiU move 
to the left. 

Longitudinal axis. An imaginary line which 
runs through the center of gravity from nose to 
tail. It is perpendicular to the lateral and ver- 
tical axes. Rotation about this axis (roll) is con- 
ti'oUed by the ailerons. The ailerons are the mov- 
able panels on the outer trailing edge of the 
wings which are controUed by side pressure on 
the stick. Rotation about the longitudinal axis 
is caused by the lift differential created as 
aileron surfaces are moved out of the stream- 
lined position. The wing with the raised aileron 
goes down because of decreased lift, and the 
wing with the lowered aileron goes up because 
of its increased lift. The effect of moving either 
aileron is greatly increased by the simultaneQus 
and opposite movement of die aileron on tJie 
other wing. Moving the aileron control stick 
toward a wing raises that aileron surface, caus- 
ing the wing to go down and the aircraft to roll 
in that direction. 

The amount of pressure exerted on a control 
surface is governed by the airspeed and degree 
that the surface is moved out of its streamlined 
position. At higher airspeeds, small movements 
of the controls result in more abrupt changes in 
aircraft attitude than at lower airspeeds. 

In addition to the above-mentioned rotations 
about the three aircraft axes, certain other air- 
craft motions are frequently encountered. 
"Bumping," or rapid vertieal rnoverttents are 
encountered in turbulent air. "Corkscrewing," or 
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Figure 5-1. Axes at the Aircraft 



oscillating movements of the tail may be ob- 
served in larger aircraft, and any combination 
of yawing, pitching, and rolling may be ob- 
served. 

Any change in aircraft attitude involves an 
acceleration, or change in velocity, of one sort 
or another. This may be a straight linear accel- 
eration, or it may be a radial or angular acceler- 
ation. Regardless of the type, it has its effect 
upon the body. 

ACCELERATIVE FORCES AS APPLIED 
TO AVIATION 

Newton's Laws of Motion 

Almost everything known about motion goes 
back to basic concepts put forth by Sir Isaac 
Newton. In 1687, he expressed three simple 
laws which explain the nature of the different 
kinds of motion and the forces causing them. 
These laws, known as Newton's Laws of Motion 
are: 

Newton's first law, which is the Law of In- 
ertia. 



Newton's second law, which is the Law of 
Acceleration. 

Newton's third law, which is the Law of Ac- 
tion and Reaction. 

Inertia. Newton's Law of Inertia states: a 
body at rest tends to remain at rest; and a body 
in motion tends to remain moving at the same 
speed and in the same direction. In other words, 
nothing in nature starts or stops moving of its 
own volition. It requires an outside force to pre- 
vent or bring about this motion. Once a pilot 
climbs into an aircraft, starts the engine and 
takes off, inertia tends to keep the aircraft mov- 
ing, subject to the various forces acting on it. 
These forces may add to the aircraft's motion, 
slow its motion, or change the direction of its 
motion. 

The pilot of the aircraft also has inertia. 
When he pulls out of a steep dive, his body tends 
to continue in the path of the dive, and as he 
pulls the aircraft up, inertia presses him harder 
against the seat. 

Acceleration. Newton's second law deals 
with the force involved in overcoming inertia. 
This force is called acceleration and is defined 
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as change o£ velocity per unit of time. It covers 
chatlging directiGn and changing speed, includ- 
ing starting from rest (acceleration) and stop- 
ping (deceleration), Newton's second law 
states: When a body is acted upon by a con- 
stant force, its resulting acceleration is inversely 
proportional fo the mass of the body and is di- 
rectly proportional to the applied force. This 
may be expressed mathematically by the equa- 
F 

tion: a= or F=Ma, where F stands for the 

number of pounds of applied force, M for the 
mass, and a for the acceleration in feet/sec^. 
Acceleration has already been defined as 
change in velocity per unit of time. Force is 
considered to be any push or pull that tends to 
produce or prevent motion. 

Mass is the amount of material in a body, but 
it cannot be measured by weight alone. 

Weight varies from place to place and from 
altitude to altitude, depending upon the at- 
traction of gravity. Mass is a constant quantity. 
It is established by the relationship between the 
weight of a body at a particular place and the 
acceleration due to gravity at that point. 

Weight, therefore, is purely a relative meas- 
ure. It depends upon the force with which the 
pull of gravity can overcome the inertia of a 
body. 

Action and reaction. Newton's third law of 
motion states: for every action there is an equal 
and opposite reaction. This is best illusstrated 
by the recoil of a rifle when the charge is fired. 
This principle is best known in modern avia- 
tion as it applies to jet propulsion. As the com- 
bustible vapors aie burned in the jet turbine, 
there is rapid expulsion of the hot gases from 
the tailpipe. As the equal and opposite reac- 
tion, the aircraft is propelled forward. 

"G" Forces 

The most commonly known acceleration is 
the acceleration of falling bodies due to the 
force of gravity. This acceleration is 32.2 
feet/sec^ and the force producing it is called 
IG. Therefore, an acceleration of 640 feet/sec^ 
is 20 G's, since 640 feet/sec* is an acceleration 
twenty times as great as the acceleration of 
gravity. Force and acceleration are proportional 
(F=Ma) and a force which produces an ac- 
celeration of 640 feet/sec^ is twenty times as 
great as the force of gravity. 

Types of Acceleration 

Acceleration has been defined as the rate of 
change in velocity in terms of G units. Let us 
now consider some aspects of acceleration as 



they apply to problems of flight. The following 
relationship, which involves both speed and 

direction, is fundamental to an understanding 
of how G forces are developed during flight. 
Acceleration varies directly with the square of 
the airspeed and inversely with the radius of 
the turn. 

a=V^/r where: 

V=airspeed and r=radius of turn 
For example, when the airspeed is doubled, G's 
increase four tiines. The types of acceleration 
encountered in flight are as follows: 

Linear acceleration: This is produced by the 
change in the speed of an object moving in a 
straight line. An aircraft flying along a straight 
path and then increasing its speed (e.g. from 
200 to 300 mph) is producing linear accelera- 
tion. Linear accelerations are also experienced 
in crash landings, catapult takeofifs, parachute 
openings, and landing shocks. The amount of 
G's appUed during linear acceleration may be 
calculated as follows: 

" 32x2d 
where: V, = Initial speed in feet/sec. 
Vn — Final speed in feet/sec. 
d ~ distance over which the 
object accelerates in feet. 

It is evident from this equation that decelera- 
tion (going from a higher to a lower speed) 
will give a negative number and that accelera- 
tion (where V2 is greater than Vi) results in a 
positive value. This equation may therefore be 
used in cialculating the magnitude of force pro- 
duced by both acceleration and deceleration. 

Radial acceleration: Any change in direction 
while moving at constant speed produces radial 
acceleration, Examples of this type of acceler- 
ation are going around a curve in an automo- 
bile, pulling out of a dive or doing a loop in 
an aircraft. Radial G may be calculated as 
follows: 

Radial G — 7-= 

32 X r 

where: V = Speed in feet/sec. 

r = radius of the turn in feet 

Angular acceleration: This occurs whenever 
a change in speed and a change in direction 
occur simultaneously. A good example would 
be an aircraft in a tight spin. So much force may 
be encountered in this maneuver that it may be 
difficult or impossible for the pilot to get out of 
his aircraft. Angular acceleration may be cal- 
culated by using both of the above formulae 
and adding the results of each to get the num- 
ber of angular G's. 
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Factors Influencing 

The EflFects of Acceleration 

It should be remembered that there is no 
difference in the physical or physiological ef- 
fects of linear, radial, or angular acceleration 
as long as the qualities of G are the same. The 
important qualities of G forces are; (1) The 
degree (intensity) of the force, (2) the time 
(duration) of application, (3) the rate of ap- 
plication, (4) the area and site over which the 
force is applied (i.e. to the body), and (5) the 
direction of the accelerative force with respect 
to the long axis of the body. 

In general, the greater the intensity, the more 
severe the effects of accelerative forces. How- 
ever, intensity alone is not the only factor. A 
flyer undergoing 12G in a tight turn would be 
rendered unconscious in two seconds. Yet, a 
person can undergo 12 to 15 G by jumping off 
a table 4 feet high with no harm at all. The 
difference between these two examples is in the 
duration that the force is applied. For accelera- 
tive forces of equal magnitude, the effects are 
proportional to the time of application. High G 
forces for extremely short periods of time can 
be tolerated as well as low G forces for longer 
periods of time. 

The rate of onset of accelerative forces plays 
a part in the effects experienced. Generally, the 
higher the rate of application, the more severe 
the effect. This is best fllustrated in aircfaft acci- 
dents where the aircraft is decelerated over a 
distance as in wheels-up landings. In these 
cases, the accelerative forces are exerted at a 
rather slow rate according to the formula: 



where: mph is speed in miles per hour, 
and s is (iie stopping distance in 
feet. 

This may be compared to an aircraft that im- 
pacts vertically, i.e., the stopping distance is 
considerably shortened. In the latter case, the 
rate of application of accelerative forces is 
many times higher. 

The greater the area of the body over which 
a given force is distributed, the less htumful are 
the effects. In addition, the site on the body 
over which a force is applied is important when 
considering accelerative effects. It is obvious 
that a given force or blow to the head can be 
much more serious than the same force applied 
to some other part of the body. 

Finally, the direction that a prolonged accel- 
erative force acts on the body determines what 
phy.siological effects wiU occur. At the present 
time, prolonged accelerations during aircraft 
flights are caused mainly by radial accelera- 
tion. The physiological effects are the result of 
the centrifugal force and the increased weight 
of the body and its component parts. 

Direction of G Force Action 

As stated previously, the type of acceleration 
is not the important physiological factor. The 
direction in which the G force is applied to the 
body, however, does play an important role in 
determining man's tolerance to the force. The 
concepts of linear, radial and angular accelera- 
tion are important in determining how G forces 
are produced during flight, and the equations 
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Figure 5-2. Relationship of Positive G iDlerance to Duration of Q Forces 
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given permit calculation of the magnitude o£ 
the force exerted. The direction in whicli these 
forces arc applied to the body are of prime in- 
terest since they will reveal much as to the way 
in which the body is affeeled. The following 
classification is based on the position of the body 
in relation to the force applied to it. 

Positive G. G force is positive wb«tl it acts 
in a head to foot direction, as when we stand 
erect. When positive G forces are ej^erieaaced, 
a temporary displacement of blcMsd oceurs cau- 
dally, which may lead to blackout and tmcon- 
sciousness. 

Negative G. When G forces act from foot to 
head they are termed negative G. For example, 
a man standing on his head experiences one 
negative G. Negative G forces produce a tem- 
porary displacement of the blood in the head 
and neck resulting in "red out" and uncon- 
sciousness. 

Tbansverse G, G forceis acting on the body 
in the prone or supine position are termed 
ti"ans verse G's. Man is most tolerant to this type 
of G force and can withstand transverse G's of 
higher magnitude and for a longer duration 
than either positive or negative G, During 
transverse G, the blood in the body is tempo- 
rarily displaced transversely, across the longi- 
tudinal axis of the body. Respiratory activity 
becomes labored and unconsciousness may en- 
sue from prolonged exposure. 

It is important to get the concepts of positive, 
negative, and transverse G clearly differentiated 
because their effects on the human body are 
quite different. As an example of this difference, 
the average pilot can withstand from 4 to 6 
posiiwe G's for 3 to 5 seconds without blacking 
out. With a force of only 3 negative G's, he is 
in danger of "red out" and unconsciousness. He 
can stand as much as 15 tmnsverse G's with 
only moderate discomfort. 

EFFECTS OF 6 FORCES 

EfFects of Positive G 

Positive G forces have three main areas in 
which they produce their effect: the body as a 
whole, the viscera, and the cardiovascular sys- 
tem. The latter is the most important and will 
be discussed in detail. 

(1) Body: During a maneuver which pro- 
duces positive G's, the weight of the body is 
increased in direct proportion to the magnitude 
of the force. For example, a 200-pound man 
weighs 800 pounds during a 4 G maneuver. 
Normal activities are grossly curtailed and the 
flyar is pushed dqtiwl iHto his seat His arms 
and legs feel leaden, his cheeks sag and he be- 



comes incapable of free body movement. In 
fact, 2 to 3 G's (either positive, negative, or 
transverse) is the limit permitting escape from 
a spinning aircraft. This is one of the reasons 
why the pUot ejection seat was adopted by the 
USAF. 

(2) Viscera: During a positive G maneuver, 
the viscera are pushed caudally. The increased 
weight of the viscera puUs the diaphragm down, 
increasing the relaxed thoracic volume and dis- 
turbing the mechanics of respiration. 

(3) Cardiovascular System: Man is so con- 
structed &at when he is seated, the heart lies 
approximately at the point of junction of the 
upper and middle thirds of a long, cylindrical 
body. The head, that structure most sensitive to 
reduction in blood pressure, is at one end of 
this cylinder, approximately 30 cm. from the 
heart. When a force of 5 positive G's is exerted 
on the body a standing blood column of 30 cm. 
exerts a pressure of 120 mm. Hg upon its base. 
As this is equal to the normal arterial systolic 
pressure, it will exactly balance out the arterial 
pressure and cause blood perfusion of the brain 
to cease. This results in unconsciousness. 

At about 4 G, blackout occurs. It will be 
remembered that static intra-occular pressure 
is about 20 mm Hg. When positive G forces 
are sufficient to reduce the systolic arterial 
pressure in the head to 20 mm Hg, intra- 
occular pressures cause collapse of the retinal 
arteries. The retina ceases to function as the 
blood supply fails, and vision narrows from the 
periphery centrally. This usually occurs at about 
4 to 4.5 G's. When the force reaches approxi- 
mately 5 G's, cerebral blood flow is stopped and 
unconsciousness ensues. Mence, the sequence of 
events following exposure to positive G's is dim- 
ming of vision, blackout, and then unconscious- 
ness. 

The effects just described are usually pro- 
gressive. For example, in relaxed subjects in 
the human centrifuge, the first symptoms due 
to positive G force occur at 3.5 to 4.0 G's, and 
involve a graying or dimming of the visual 
fields. At sUghtly higher accelerations, 4.0 to 4.5 
G's, blackout occurs and the individual can no 
longer see, although he remains conscious. At 
this point, the retinal arteries have collapsed 
while there is still some blood flow through the 
cerebral vessels. At 4.5 to 5.0 G's unconscious- 
ness occurs. 

It was formerly believed that pooling of the 
blood in the lower part of the body, as occurs 
during positive G maneuvers, and decreased 
venous retmn to the heart were primarily re- 
sponsible for the loss of consciousness and black- 
out. Experimental work in recent years has 
shown that the pooHng mechanism takes an 
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appreciable time to come into operation and 

that unconsciousness occurs more rapidly than 
can be accounted for on the basis of decreased 
venous return. 

It is now believed that the primary cause of 
blackout and unconsciousness, occuiTing in les.s 
than 10 seconds, is the increased weight of the 
blood, as described above. Although decreased 
venous return does occur, and is an important 
factor, it probably takes 15 seconds or more for 
it to produce its effects on the body. It is prob- 
able that blackout produced by relativefy low 
G forces, e.g., 3 or 3.5 G's after 15 seconds, is 
due to pooHng. 

Effects of Negative G 

Negative acceleration, force applied from 
foot to head, will result in an increased arterial 
pressure at the head level. The pressure within 
the veins outside of the cranial cavity beeornes 
precipitously high, which may be sufficient to 
rupture the thin-walled venules. Intracranial 
venous pressure rises, but is counterbalanced by 
a eoncommitant rise in intraci*anial cerebrospinal 
fluid pressure, so there is little actual danger of 
intracranial hemorrhage. Hemorrhages within 
the eye present the primary source of damage 
from negative G's. Negative G's cause disten- 
tion of the jugular veins and veins of the sinuses 
and conjunctivi. There is a sharp rise in both 
arterial and venous pressure at the head level. 



Sudden acceleration producing a force of 3 

negative G's is considered the limit of human 
tolerance. When such a force is applied, venous 
pressures of the order of 100 mm Hg develop, 
leading to small conjunctival bleeding areas and 
marked discomfort in the head region. On the 
other hand, the pressure-protected cerebral ves- 
sels, enclosed in the skull and bathed in cere- 
brospinal fluid, show no deviation from their 
normal caliber. Thus, there is no danger of 
cerebral vascular damage as long as the skull 
remains intact. 

Diuing negative G maneuvers it has been re- 
ported that vision may "red out". Although no 
cases of this condition have occurred during ex- 
perimental work, it is possible that in aircraft, 
vision may be obscured by the gravitation of 
the lower eyelid over the cornea. The muscles 
in the lower eyelid are relatively weak due to 
the tendency of gravity to normally hold it 
down. The covering of the eyes by a red cur- 
tain (since the vessels of the eyelid are en- 
gorged) may be responsible for the reports of 
redout during negative G's. 

Gravitation in the foot to head direction will 
also lead to eventual circulatory distress if suffi- 
ciently prolonged. Pooling of blood occurs in 
the head and neck regions because of the in- 
creased weight of the blood. This leads to a 
transudation of fluid from the Mood into the 
tissue spaces of the head and neck. Also, return 
of blood to the heart becomes inadequate due 
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Figure S-5. Human TolBrance to Pbsltlvs Aecelsrallon 



Figura 5-G. Limits vf Sustained G's 



to the loss of efiFective blood volume. As a con- 
sequence there is a stagnation of blood in the 
head and neck, and the cerebral arteriovenous 
pressure differential becomes inadequate to sus- 
tain consciousness. Actually, negative G's do not 
present much of a problem in military flying 
because it is an uncomfortable experience for 
pilots and they tend to avoid it. 

Effects of Transverse G 

Since the force of transverse G interfees 
very little vsdth the flow of blood, man is much 
more tolerant of transverse G than either posi- 
tive or negative G. Extreme values of trans- 
verse G (12 to 15 G's) acting for a relatively 
long period of time may cause some displace- 
ment of organs or a shift in position of the heart 
and thereby interfere with respiration. Chest 
pain and ventricular arrhythmias have been 
experienced by human subjects when expbsed 
to 15 G's for 5 seconds. Surface petechial hemor- 
rhages have also been seen. These were prob- 
ably caused by the forceful pooling of blood in 
the dependent half of the body. 

"G" TOLERANCE 

As has been indicated, tolerance to G loads 
is relatively constant from person to person. 
Within the human body, only by positioning to 
shorten the heart to head distance, or by in- 



creasing systolic blood pressure can tolerance to 
G loads be increased appreciably. Advantage of 
these principles may be taken by leaning for- 
ward to reduce the length of the blood column 
to the head, and by tensing all skeletal muscles 
to activate pressure reflexes and thus increase 
blood pressure. This latter procedure, called the 
M-1 maneuver, also serves to inhibit venous 
pooling of blood in the lower extremities. 

Care should be taken to keep the glottis open 
during the M-1 maneuver as closure of the 
glottis frequently involves performance of tfie 
valsalva maneuver which is to be avoided dur- 
ing positive G loads. In the valsalva maneuver, 
the lungs are filled with air and blood is ex- 
pressed from the pulmonary vasculature. The 
increased intrathoracic pressure generated in- 
hibits venous return to the right side of the 
heart, and thus cardiac output diminishes and 
sudden unconsciousness may result. Under in- 
creased positive G loads, the valsalva maneriver 
decreases, rather than increases, G tolerance. 

Excitement, or emotional stimulation such as 
rage or fear, may increase blood pressure and 
pulse rate and thus G tolerance. This is ex- 
tremely variable, however, and the amount of 
benefit derived may be outweighed by other 
factors. 

Physical fitness plays an important part in G 

tolerance. Poor muscle tone, fatigue, lack of 
sleep, hypoxia, hypoglycemia, illness, and ex- 
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At 2.2 g subject experi- 
ences no reductian in 
visual acuity, little dis- 
comfort. 




At 3 g strain is evident in 

facial distortion; dimming 
of vision is noticed. 



At 4 g facial distortion is 
marked ; peripheral vision, 
lost. Subject is fighting g. 




At 5 g peripheral vision, 
lost, central vision greys; 
lie shouts to maintain vi- 
sion. 




At 6 g subject is fully 
conscious but blacked out. 
Average tolerance is 5 g. 




cessive use of alcohol or tobacco all 'deciease 
tolerance to positive accelerations. 

Experience is also important in G tolerance. 
The experiiSnced pilot has developed compen- 
satory "reflexes" such as tensing his muscles as 
G's are "pulled". He has learned to anticipate 
and recognize when his G limits are approach- 
ing and to react accordingly. He knows what he 
can do to most effectively combat the effects of 
positive G forces, whether it be to lean forward 
or tense his mijscles. 

Devices to Protect Against G Forces 

The two means cujrently employed to com- 
bat positive G forces are the M-1 maneuver and 
the anti-G suit. 

M-1 Moneuver 

Straining maneuvers are adopted by all ex- 
perienced fighter pilots. Their exact techniques 
vary and they can be adjusted to suit the indi- 
vidual. The M-1 maneuver is effective in raising 
G tolerance by approximately 1 or 1.5 G's. It is 
accomplished as follows: the trunk is bent for- 
ward at the hips, thus giving some degree of 
postural protection, i.e., the level of the head 
is lowered in relation to the heart, thereby 
facilitating the flow of blood from fie heart 
to the neck and head. At the same time, the 
abdominal and chest muscles are cofltracted 
and the breath is slowly expelled. Respiratory 
cycles are repeated every 5 to 10 seconds. Arm 
and leg muscles are tensed simultaneously. This 
maneuver is fatiguing, and as the duration of 
acceleration increases it becomes more and 
more difficult to maintain the effort. 

Anti-G Suits 

External counter-pressure below the level of 
the heart has proved of great value in combat 
aircraft for increasing human tolerance to Sie 
application of added G forces. The anti-G suit 
has been developed toward this end. The orig- 
inal concept was to balance, by counter-pres- 
■sure, the hydrostatic forces that result from 
gravitation. This concept was later expanded to 
provide for a garment which would compress 
the arteries to some extent, thereby increasing 
arterial pressure. 

The single pressiure and air bladder suits now 
generally employed, accomplish bodi these re- 
quirements to a large extent in that they help 
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prevent venous pooling and, by increasing 
peripheral resistance by mechanical constriction, 
they increase arterial pressure at the heart and 
head level. This is accomplished, for the most 
part, by the large abdomipal bladder which 
squeezes the viscera when it is inflated during 
a G maneuver, and drives blood up into the 
thorax. In addition, ft tailes diaphragm and 
significantly decreases the distajiee from the 
heart to the head. 

The current standard anti-G suit, USAF type 
G-4A, consists of a single pneumatic bladder 
system sewn within a flying suit. This device 
raises tolerance to accelerative forces by ap- 
proximately 2 G's, and thus gives on the aver- 
age, about the same protection against positive 
G forces as does the M-1 maneuver. It eliminates 
the need to tense or strain without removing 
the advantage gained from the maneuver, for 
the M-1 may still be employed to gain further 
protection if so desired. 

The accompanying figures show the pneumat- 
ic anti-G suits and their bladder sy.stem.s. The 
G-3A suit consists of the minimum essentials 
necessary for applying the pressure of the one- 
piece bladder system to the abdomen and 
major rmiscles of the legs and is worn over fly- 
ing clothing. Promise of greater efficiency, com- 
bined with comfort, is given by the G-5A cap- 
stan suit, in which the body surface is pres- 
surized through tension exerted by the tapes 
encircling the distensible high pressure tubes 
running down the sides of the legs. 

Inflation of the anti-G suit in jet aircraft is 
accomplished by a line connected to the power 
plant. Air from the compressor is metered to 
the suit by a special valve which starts inflation 
only when the acceleration exceeds 2 G's. The 
pressure then increases in proportion to the 
aceeleratibn. In this way ttie pilot may relax 
and the suit compresses his legs and abdomen, 
thereby replacing the muscular effort of the 
M-1 maneuver. The piegsure is relatively com- 
fortable and can be maintained indefinitely. 

It should be emphasized that an anti-G suit 
does not raise human tolerance to acceleration 
above the stress limits of the aircraft. It merely 
matches the man to the aircraft. In those aircraft 
that are stressed to 5 G's or less, flyers do not 
require anti-G suits unless prolonged maneu- 
vers of 0.5 to 1 minute are contemplated. In 
the standard fighter aircraft anti-G suits are 
desirable because voIulltBer straining is fa- 
tiguing, distracting, and unreliable. 
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SENSORY RESPONSES TO 
ACCELERATIVE FORCES 

Sensory Modalities 

The ability of an individual to appreciate the 
attitude of his aircraft in reference to the earth's 
surface is known as aerial equilibration, or 
spatial orientation. 

Equilibration of body posture at rest and in 
motion requires constant muscular activity. It is 
controlled by the central nervous system vi^hich, 
in turn, must rely upon the sensory modalities 
that guide it. Man maintains his equilibrium 
through the proper interpretation of the sensa- 
tion arising in the eyes, the vestibular apparatus, 
and the various proprioceptors, such as nerve 
endings in muscles, joints, tendons, skin, and 
viscera. 



The eyes are the most important sense organ 
for flight orientation. While flying in clear 
weather, aerial equilibrium may be maintained 
by direct observation of the ground and horizon. 

The vestibular apparatus is part of the inner 
ear, and is located in the temporal bone. It 
consists of three fluid-filled, semicircular canals 
connected to an irregular sac-like organ known 
as the utricle. The canals are arranged at right 
angles to each other in the vertical, horizontal, 
and transverse planes. Movement of the head 
results in movement of the fluid in a pair of 
canals or combination of canals in the plane or 
planes of movement. 

For example, nodding results in movement of 
the fluid in the semicircular canals. Vertical 
change affects the vertical canals; banking af- 
fects the transverse canals; and turning affects 
the horizontal canals. In the ampullae, or di- 
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Figure 5-10. The Inner Ear 
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Figure 5-11. Otolith Reaction to Head Position 



lated ends of the canals, hair-like projectiori:> 
are located which extend from the wall into the 
fluid in the canals. Because of the inertia of the 
fluid, it tends to lag behind the movements of 
the head iauch as fluid in a glass at first will re- 
main statioHBEry if the glass is rotated quickly. 
This inertia of the fluid deforms the hair-like 
projections and initiates neural impulses that 
are interpreted as movements. If the glass is 
stopped, the water will continue to rotate. 

A similar condition is said to exist in the semi- 
circular canals. If the fluid is set in motion and 
the motion of the head ceases abruptly, the fluid 
will continue to move in the canals. This con- 
tinuance of motion produces the same sensation 
as moving the head in the direction opposite 
to the original direction. Hence, there is a sen- 
sation of turning in the opposite direction. The 
utricle, or so-caUed static organ to which the 
semicircular canals are connected, contains nu- 
merous hair-like nerve endings to which are 
aflSxed tiny crystals or otoliths. 

The sensations arising in the utricle, together 
with sensations from proprioceptors in the neck 
and shoulders, are interpreted a:nd recognized 
by the individual as various positions of the mo- 
tionless head. In the upright position the hair- 
like endings in the utricle are not deformed. 
However, if the head is tilted the nerve end- 
ings are stimulated by tiie deformation result- 
ing from a change in die direcstion in whidi the 
force of gravity is acting upon the hair cells. 

The proprioceptors are responsible for the 
sensations that arise from pressure on or from 
movement of a joint or muscle. This "deep sen- 
sibility" enables man to point, sit down, or walk 
with his eyes closed. It is responsible for the 
knowledge of where an extremity is in space. 

Perhaps the greatest departure from the re- 
flex equilibration of terrestrial man is encoun- 
tered in flying. Here is an almost total depar- 
ture from terrestrial stimuli; physical contact is 
limited to the aircraft itself. The aircraft oper- 
ates without reference to the direction or force 
of gravity. To the beginner, muscle sensibility 
has no relationship to the attitude and orienta- 
tion of the aircraft. Since vision is removed from 
customary close points of reference, much train- 
ing is required before accurate aerial orienta- 
tion is established. 

Stimuli serving equilibrium are further modi- 
fied by the kinetic factors of flight; accelerations 
and decelerations are quite marked. Rotation 
through varying degrees of arcs and at varying 
rates, as well as in different patterns, is encoun- 
tered. With rotation, centrifugal force profound- 
ly modifies the direction of gravity, and may 
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add to or subtract from tiie force of gravity. 

Equilibration as it is Imown on the ground 
must be transferred to equilibration of aerial 
flight. The maintenance of aerial equilibriuin, 
then, is dependent upon flie attitude of the 
aircraft rather than the body position of the 
pilot. 

Vestibular Responses 

The acceleration necessary to stimulate the 
vestibular apparatus is said to range from 2 to 
20 cm per second per second linearly, 2° per 
second per second angularly, and from 4 to 12 
cm per second per second vertically, Motions 
vi'ith less acceleration than these minimal limits 
w^ill not be detected by the end organ. Changes 
in direction of motion of aircraft must have 
comparable accelerations in order to be de- 
tected by the pilot. If the rate of rotation of an 
aircraft about any of its axes is less tiian 2° per 
second per second, the vestibular apparatus will 
not be stimulated and the sensation of turning 
will not occur. 

Measurements of the capacity of the vestibu- 
lar apparatus to detect elevations and declina- 
tions were rriade many yiears ago at the Air 
Service Medical Research Laboratory. Blind- 
folded normal individuals were found to detect 
approximately 24° elevation and 10.6° declina- 
tion. Experienced flyers demonstrated consider- 
ably more sensitivity, detecting 7° elevation 
and 4° declination. Measurements by other re- 
search groups show similar results for tilting 
movements as weU as for elevation and decH- 
nation. 

Perhaps the strongest and most uncontrollable 
vertiginous response of the vestibular apparatus 
is tesponse to CorioUs acceleration. The move- 
ments responsible for this type of stimulation 
arise when the body is in rotation with the air- 
craft, and the head is moved voluntarily out of 
the plane of rotation. The motion is strongest 
when the head movement is at right angles to 
the plane of rotation. Such a situation arises 
during a spin when the head is moved up or 
down, or from side to side. 

The type of vertigo aroused by this maneuver 
may be readily demonstrated with the turning 
chair by the following procedure. With the 
head rotated back 60', a standard turning of 5 
turns in 10 seconds is carried out. In accordance 
with the rules of vestibular response to stimuli, 
the vertigo and nystagmus induced are seen to 
be in the plane of rotation. The subject sits 
calmly in the chair and feels little distress 
from the vertigo in the axis of rotation. The 
head is brought sharply forward, and a vio- 
lent reflex reaction occurs, which may be de- 
scribed as tending to throw the subject out of 



the chair sideways. The superimposition of ac- 
celeration of the direction of vertigo from a 
horizontal to a vertical sagittal plane is de- 
scribed by the subject as a sudden and uncon- 
tfollable loss of eqtiilibrium, which would be 
completely incapacitating in an aircraft. 

PropHoeepfion 

In flying, the individual is usually seated, and 
the forces exerted upon hun are such that, with 
training, he can teB many movements of the 
aircraft by the pressure of the seat on his body. 
An increase of this pressure occurs in climbing, 
and any maneuver that produces pressure 
against the seat will be interpreted as climbing. 
In descent he is pressed less firmly into the seat 
than in normal flight, and consequently any 
maneuver that reduces pressure on the seat will 
be inteJpreted as descending. In a slip or skid 
the pilot is forced sideways in his seat. Since 
this impression usually results from tilting, he 
will have the impression of tilting in the direc- 
tion away from the slip or skid. 

It must be understood that equilibration of 
man, particularly vestibular function, exists 
largely at the lower reflex centers of the brain 
stem and is adapted to terrestrial existence. 
There is little variation from one normal indi- 
vidual to the next in reflex adjustments of 
equilibration. Reactions to ihe unusual stimuU of 
flight, then, are generally predictable, and are 
subject to the processes of learning. 

ILLUSIONS OF FLYING 

Studies of the human factors limiting blind 
flying outline certain fairly well-defined phe- 
nomena arising under such conditions — the 
illusions of flying. Identiflcation and understand- 
ing of these patterns of equilibrial incapacities 
under conditions of blind flying resulted in a 
clearer understanding of human limitations and 
a successful search for mechanical aid. 

Optical Illusion 

Probably the best known illusion of flying is 
experienced in flying between sloping cloud 
banks when the horizon is not visible. If the 
aircraft is oriented straight and level with re- 
spect to the earth's surface, the sensation of fly- 
ing in a. bank is experienced. Another illusion 
of viston occurs at night and is called auto- 
kinesis. This is a sensation that occurs when an 
individual stares at one light for a long period 
of time. Eventually the light will appear to 
move, although actually it does not. 

The illusion may occur while flying as wing 
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Figure 5-1Z. FliEht Instruments in StraiEht-and-Leve! Flighl 



man during formation flying at night. While 
staring intently at this light, autokinesis may 
occur and the light may appear to move up or 
down. Sometimes this illusion may be so vivid 
as to lead the pilot to believe that the lead man 
has made a sudden bank of his aircraft when 
actually he is flying straight and level. It may 
result in his turning away from or sharply to- 
ward the lead plane with resultant disastrous 
effects. This illusion may be avoided by not 
Staling continuously at the wing light of the 
lead plane. 

Illusion of Turning 

Historically, a study of his specific illusion 
demonstrated the need for the development of 
instrument flying. It provides a most dramatic 
proof to the pilot of the fallibility of his own 
sensations, and the necessity for reliance upon 
instruments. 

While a gradual turn may be undetected, if 
it is suddenly corrected, it may give the im- 
pression of turning in the opposite direction, for 
the fluid in the involved semicircular canals 
continues to move in the direction of turn once 
the head is restore'd to the original line of flight. 



Here again, the original gradual stimidus of 
turning was insufficient to cause any sensation, 
but with a cessation of turn there was sufficient 
deceleration of the fluid in the semicircular 
canals to give a false impression of turning in 
the opposite direction. The mechanism of the 
illusion is readily understood in terms of vesti- 
bular physiology. 

For example, this illusion is greatest in the 
spin, for in this maneuver the rotation of the 
head and of the fluid in the semicircular canals 
is rapid. In an aircraft rotating to the right 
through several turns of a spin, the endolym- 
phatic fluid obtains an inertia in the direction 
of tmrning jusit as when the patient is spun to 
the right in a Bafany chair. As the aircraft is 
brought out of the spin, the same sequence of 
events occurs as with physiologic testing in the 
Barany chair when brought to a stop after 
rotation. 

With inertia of endolymph to the right, a left 
nystagmus is induced, accompanied by a left 
vertigo, past-pointing, and falling tendencies to 
the right. Thus flie pflot coming out of a spin to 
the right may feel that the aircraft has resumed 
its spinning, this time to the left, although he is 
in straight and level flight. To compensate for 
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a sense of spmning left, he adjusts the controls 
to the right, and again spins to the right just as 
a patient past-points or falls to the right after 
physiological testing. 

The mechanism of this illusion was used by 
David A. Myers, a Flight Surgeon, and W. C. 
Ocker, a pilot, to convey the necessity for 
instrument flying to the Air Force. 

Illusion of iiLTrNG ( the leans ) . An illusion 
arising from another fallibility of the vestibular 
apparatus is a sensation of tilting felt by the 
pilot when his instruments indicate the wings 
are level. This arises from the inability to detect 
gradual motions. Rotation of the head must 
occur at a certain mtaiinmH rate in order to b© 
detected by the serolcireular canals. During in- 
stniment flight, visual reference to the instru- 
ments is largely successful in eliminating or sup- 
pressing false vestibular sensations. 

The instmments, to the trained instrument 
pilot, replace the horizon and other reference 
points as a visual guide. During a period in 
which the eyes are occupied with scanning other 
instruments, or during a momentary inattention 
to the instrument, various rolhng or pitching 
motions of the aircraft are prone to produce 
vestibular stimulation, which leaves a persistent 
and uncomfortable, as well as erroneous, sense 
of posture. 

For example, if during instrument flight and 
while the eyes are momentarily off the instru- 
ments, the aircraft should suddenly roll sharply 
to the left, the vestibular senses will properly 
record tlie movement. Then, if the aircraft 
gradually rolls back to even keel at a rate be- 
low the threshold of the vestibular apparatus, 
the pilot is left with the sensation of being 
tipped to the left and there is no awareness of 
return to the vertical position. Although he 
maintains the aircraft in level flight in conform- 
ity to the instruments, the sensation that he and 
the aircraft are tipped to the left remains. To 
correct this feeling, the compulsion to lean to 
the tight is almost irresistible, and may persist 
until the pilot breaks through the clouds and 
corrects his equilibrium by the more familiar 
horizon and other terrestrial reference points, 

Leans may be produced by the opposite se- 
quence of stimuli. In this case, the gradual roll 
from level position may be succeeded by a 
sharp correction to level flight. In a similar man- 
ner, forward or backward pitch tnovement of 
the aircraft may produce leans in these direc- 
tions. Some pilots report themselves particularly 
susceptible to leans as they wave back and 
forth in standard patterns to the edge of radio 
beams. 

Undetected motion. A group of illusions 
arise from the incapacity of the vestibular ap- 



paratus to detect slight acceleration. As a con- 
sequence of the inal^ility of the vestibular ap- 
paratus to detect these subthreshold changes in 
motion, a relatively high rate of turning, climb- 
ing, driving, or banking may be built up gradu- 
ally without the perception of any change 
from straight and level flight. 

Underestimating the degree of bansi. The 
same incapacity of the vestibular apparatus 
which permits impcrceived changes of motion 
is responsible for underestimating the degree of 
banking while turning during blind flight. Since 
the rate at which an aircraft is banked while 
going into a turn is ordinarily below the thresh- 
old at which such motion is detected by the 
vestibular apparatus, there is a tendency for 
the pflot to bank too steeply while turning, and 
to overcorrect in recovery from the turn. 

Illusion of climbinc or descending. A prop- 
erly executed turn brings the vector of the 
forces of gravity and centrifugal force through 
the vertical axis of the aircraft. In the absence 
of visual reference, the only sensation imparted 
is awareness of the body being pcessed more 
firmly into the seat. Normally, this sensation is 
associated with climbing, and may be falsely 
interpreted as such. 

Following the increased pressure of the body 
on the seat brought about by the centrifugal 
force of turning, recovery from turning lightens 
the pressure. As a consequence, an illusion of 
descending is produced. 

Illusion of opposrrE tilt in a sKm. In the 
execution of turns during blind flying, there is 
improperly compensated centrifugal force as 
a result of a skidding that presses the body 
away from the direction of turning. This is in- 
terpreted as a tilt in the opposite direction. In 
a similar manner, slipping of the aircraft as a 
result of too much banking presses the body 
into the direction of the turn. 

Instrument flight. From any analysis of 
human factors in maintaining equilibration in 
flight, it is obviotts that vision is the one abso- 
lute necessity, For the student learning non- 
instrument flight, the horizon is the essential 
point of reference. It rises and falls above the 
nose of the plane as the pitch attitude is 
changed, it slants contrawise to the tilting of 
the plane, and it sweeps in a circular manner 
beyond the nose of the turning aircraft. 

From the earliest days of flying it became 
increasingly apparent that the best pilots were 
unable to fly when visual reference to the sur- 
roundings were obscured. Flying under condi- 
tions of clouds, fog, dust, and darkness, which 
obscured visual reference to the earth, came to 
be termed "Bhnd Flying". Much effort was ex- 
pended, with little gain, by the individual pilot 
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to overcome the diflSculties of blind flying by the 
itnpTovement of personal flying ability. The an- 
swer was, of course, in the development of sen- 
sitive instruments that would accurately depict 
the flight condition and attitude of the aircraft. 
The basic instruments used for this purpose are 
the airspeed, rate of climb, and attitude indica- 
tors, and the rate of turn, or needle and ball 
instrument. 

Capacity to accomplish equilibration in the 
air with instruments calls for special training 

beyond the requirements of ordinary flying. The 
pilot must not only familiarize himself with the 
commonly encountered illusions of flying, but 
must develop the capacity to maintain orienta- 
tion on the instruments in the presence of such 
illusions. 

SPATIAL DISORIENTATION 

The problem of accidents due to spatial dis- 
orientation has been and continues to be a 
source of serious concern in the United States 
Air Force. A recent study has shown that this 
one factor was responsible for 14% of the fatal 
aircraft accidents in one of the major overseas 
commands of the United States Air Force. 

The sensory aberrations producing disorien- 
tation in pilots may be divided into two cate- 
gories: visual illusion, and illusions of attitude 



and motion. By far, the most important are il- 
lusions of attitude and motion. These are inter- 
preted through the vestibular apparatus, pri- 
marily the semicircular canals and the otolith 
organs of the utricle and saccule. 

As described previously, the human body is 
oriented in space by input from three sensory 
modalities; the eyes, the non-auditory labyrinth, 
and the proprioceptors located in muscles, ten- 
dons, joints, and viscera. In clear weather when 
visual, or '"contact", flight conditions exist, there 
is little chance for disorientation to occur as 
the eyes act as the "major domo" for positional 
sensory input. During obscured flight conditions 
when visual sensation is restricted, the other 
sensory modalities play a more prominent role. 

It is under such conditions^ i.e., weather or 
night flying when the horizon is not visible, that 
the majority of spatial disorientation incidents 
are reported. The reason for this is that visual 
sensations are almost 100% reliable, whereas 
labyrinthine sensations in flight are, on the con- 
trary, almost 100% unreliable as a means of 
orientation in space. The perceptual confusion, 
resulting from increased awareness of vestibular 
information by the pilot, is the direct result of 
false sensory cues of motion or position produced 
by the labyrinthine system in response to the 
multiple stimuli of the varied accelerations of 
flight. 




Figure 5-13. When Spatial DisDrientation OcDurs, Flight Should be Accomplished with Reference to 
Visual Interpretation of the Instruments 
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Seasattons from the semicircular canals may 
be erroneous for two basic reasons. First, the 
canals are stimulated by angular acceleration 
which displaces the cupula. This produces a 
sensation of rotation only as long as the cupula 
is displaced. If the acceleration is constant, or is 
decreased, the sensation of rotation stops, or 
seems to reverse. At any rate, the impression 
the pilot receives bears little or no relation to 
the actual direction or magnitude of rotation. 

The second reason for inappropriate cues 
from the s^icircular canals is that the cupula 
acts as a damped pendulum system, and has a 
slow recovery from a displaced position. This 
produces an after-sensation of rotation after the 
acceleration ceases. In addition, the otolith or- 
gans produce positional cue errors because they 
are stimulated by both gravity and rectilinear 
acceleration without being able to distinguish 
between forces due to gravity and those caused 
by other accelerations. 

Not only is information from the vestibular 
organ frequently erroneous, but it is often in 
conflict with information received from the pro- 
pHdceptive organs. One cafi imagine the pli^t 
of the hapless pilot, bombarded with positional 
sensory information from several sources, none 
of which is in consonance with that from the 
other sources. 

Disorientation occurs most frequently during 
obscured flight conditions, as stated previously. 
In addition, periods of transition training in jet- 
type aircraft seem to witness a higher incidence 
than normal. This may reflect inexperience re- 
sulting in mental anxiety and more complex 
reactions involviiig interplay of visual, labyrin- 
thine, and proprioceptive functions. Inexperi- 
ence, however, is not a constant quality asso- 
ciated with disorientation. Swioiis disorientation 
incidents occur among our most experienced 
pilots. 

While the incidence of spatial disorientation 
appears to be highest among student pilots dur- 
ing training, many experienced pilots bave 
stated that their first encounter with a serioUS 
disorientation incident occurred after entering 
operatiptial flying. Jet flying does show a defi- 
nite projsensity to produce disorientation. Se- 
vere vertigo experiences are approximately five 
times more frequent among jet pilots than 
among non-jet pilots when balanced statistically 
for equal hours flown in each type aircraft, 

Unfortunately, there is some apathy among 
pilots regarding this problem. Most have expe- 
rienced disorientation to some degree and man- 
aged to overcome it uneventfully. The preva- 
lent attitude is that proficiency in instrument 
flying and adequate practice will suffice to pre- 



vent any serious spatial disorientation incidem:. 
No doubt this is important, but it should be the 
job of every Flight Surgeon to give proper em- 
phasis to the gravity of this problem in educa- 
tional efforts directed to pilots. 

Since the basic factor involved in the produc- 
tion of disorientation is a normal physiological 
response to the unavoidable accelerations of 
flight, there is httle one can do to eliminate the 
cause. Indoctrination, training, and practice are, 
therefore, basic requirements whicli cannot be 
circumvented. It should be remembered that 
vision is the only sense which can be relied 
upon regardless of the frame of reference, be it 
the earth, another aircraft, or fhght instruments. 

AIRSICKNESS 

AU who fly are susceptible to airsickness. At 
one time commercial flights were plagued by the 
specter of various passengers in assorted stages 
of airsickness. Now that larger, more stable air- 
craft, less affected by turbulent air currents are 
in widespread use, airsickness has become less 
of a problem. The pressurization systems, lux- 
urious interiors and general increase in comfort 
has also helped to alleviate this problem. Never- 
theless, aiifsiclaieiss remains the most discom- 
forting condition facing travellers, 

Military flyers, particularly students partici- 
pating in the initial phase of flight training, 
show a rather high incidence of airsickness. 
These cases can be divided roughly into two 
classes: (1) true motion sickness, and (2) air- 
sickness which seems to involve a combination 
of motion, anxiety, and lack of motivation for 
flying. 

True motion sickness is a relatively rare con- 
dition. Individuals with true motion sickness 
have a strong history for carsickness, seasick- 
ness, and sickness on carnival rides or other 
devices producing repeated abrupt accelerations 
of moderate magnitudes. An occasional episode 
of seasickness or carsickness apparently does 
not constitute true motion sickness, and cannot 
be used to identify which persons will exhibit 
chronic airsickness. 

A hypersensitive non-auditoiy labyrinthine 
apparatus seems to be common to persons with 
true motion sickness. These individuals will fre- 
quently show violent reactions to labyrinthine 
stimulation such as produced by the caloric test 
or spinning in the Barany chair. Such candidates 
rarely adapt to the accelerations of flying and 
should be considered poor prospects for pilot 
or navigator training. 

The most frequent type of airsickness in fly- 
ing trainees seems to be the type that involves 
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anxiety regarding flying, in combination with 
the motion produced in flight. Lack of motiva- 
tion for flying enters into the picture, but usually 
only after a few flights. The trainee, rather 
than adapting to the rigors of his new environ- 
ment, begins to develop a definite aversion to 
the sensations experienced in the course of aerial 
flight. Often mild maneuvers trigger an episode 
of violent airsickness in such persons. 

Typical situations involve gentle turns, climbs, 
glides, or approaches to landings. These situa- 
tions could hardly be constituted as maneuvers 
producing sickness in most individuals. In addi- 
tion, these persons tend to lean away from turns, 
that is, maintain a posture oriented with respect 
to the earth's surface rather than to the aircraft, 
and to grasp the sides of the cockpit or the top 
of the instrument panel during turns or maneu- 
vers. Fortunately, the majority of such individ- 
uals rapidly adapt to flying and began to lose 
their apprehension regarding flying after a few 
flights. 

When familiarity with the sensations of the 
various accelerations of flight is acquired, and 
confidence in the aircraft and the instnictor is 
established, airsickness usually ceases to be a 
problem. Furthermore, by this stage the student 
is doing most of the flying and is beginning to 
concentrate on techniques and procedures nec- 
essary to progress in the program. This distracts 
him from the thought of being sick and he 
rapidly reaches the point where airsickness is 
no longer a problem. 

Those still having trouble after eight or ten 
flights probably will never adapt. Also, by this 
time usually one of two things has occurred. 
Either the student's motivation for flying has 
fallen so low that he really does not care wheth- 
er he "makes it" or not, or he has fallen so far 
behind in his training that he becomes subject 
to elimination because of flying deficiency or 
failure to progress. 

By understanding and diligence, the Flight 
Surgeon may be able to salvage a high propor- 
tion of students evidencing airsickness in the 
early training period stages. Psychological sup- 
port, advice, and an expression of confidence in 
the student should be the attitude of the Flight 
Surgeon, He should see the student as soon 
as possible after each episode of airsickness, and 
inquire about the various maneuvers per- 
formed, the student's mental attitude toward 
flying, whether or not flying frightens him, 
and his relationship with his instructor. In addi- 
tion, it might be weU to contact the student's 
instructor and discuss the particular case with 
him. 



In his counselling, the Flight Svirgeon should 
emphasize that the student strap himself in the 
aircraft securely; that he look outside the air- 
craft during turns and maneuvers; that he con- 
trol the aircraft as much as possible; and, that 
he fly straight and level for several minutes 
whenever general uneasiness occurs. In the 
early stages one of the various airsickness drugs, 
as listed herewith, may be prescribed. If such is 
done, the student's instructor should be so ad- 
vised, and the student should not be cleared for 
solo flight Any student still experiencing air- 
sickness should not be soloed, regardless of his 
level of flying proficiency. 

If it becomes obvious a student is not respond- 
ing to therapeutic measures, he must be con- 
sidered for recommendation for elimination in 
accordance with current Air Force directives. 
Each case must be evaluated oti an individual 
basis. A particularly well motivated student 
with outstanding potential as an officer might 
be carried longer than a student who is poorly 
motivated and shows little prospect of ever be- 
ing a successful flyer. 

The symptoms of airsickness are generally 
well known and consist of epigastric uneasiness, 
diaphoresis, pallor, and excessive salivation, fol- 
lowed by frank nausea and retching. The 
symptoms are relieved temporarily by gastric 
evacuation, but tend to recur if the flight is not 
teiTninated. 

In commercial aircraft, a rechning posture 
with fresh or cool air directed on the face of the 
airsick individual seems to help. Movement to a 
position in the cabin over the center of gravity, 
i.e., generally the area where the wing meets 
the fuselage, is sometimes helpfrd. Moments of 
acceleration are less in this area, and are great- 
est in the tail of the aircraft. The sipping of 
small amounts of a carbonated beverage over 
cracked ice will occasionally afford some relief. 

If a passenger has a tendency to get airsick, 
one of the anti-motion sickness drugs may be 
prescribed. The antihistamine type agents such 
as dimenhydrinate (Dramamine) 50 mgm every 
four hours, cyclirfne (Marazine) 50 mgm. three 
times daily, or meclizine (Bonamine) 25 mgm, 
twice daily, are most frequently used. There is 
little to choose between the three. Dimenhy- 
drinate is said to cause the greatest degree of 
drowsiness; Cyclizine the least. Meclizine has 
the longest acting effect and may be taken only 
once or twice daily to maintain a therapeutic 
level. 

If it is desired to prescribe a drug that will 
have a soporific effect, probably one of the pro- 
prietary drugs containing hyosine, a belladonna 
alkaloid, and phenobarbital would be preferred. 
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TJonnatal", three to six tablets per day, has 
been a popular drug for this particular use. 
More recently, trimethobenzamide (Tigan), one 
capsule, four times daily, has been hailed as a 
potent antiemetic. Its primary use has been in 
the treatment of nausea and vomiting of preg- 
nancy, but it would seem to be useful in mo- 
tion sickness as well. To date, experimental 
evidence regarding its anti-motion sickaess ef- 
fectiveness is lacking. 

With student pilots, only Dramamine, Bona- 
mine, or Marazine should be prescribed. The 
reason for this is rather obvious. These drugs 
are specific for motion sickness and the side 
eifects are minimal. In addition, drugs contain- 
ing belladonna alkaloids paralyze accommoda- 
tion and impair vision in therapeutic doses. 
Flying training students should not be allowed 
to use any anti-motion sickness drug to the point 
of becoming dependent upon it, either physio- 
logically or psychologically. This may be diffi- 
cult at times, as most anti-motion sickness drugs 
may be purchased across the counter without a 
prescription. Students having trouble with air- 
sielcness should be particularly warned about 
the dangers of self medication so they will not 
be tempted to take anti-motion sickness reme- 
dies, or other drugs, at their discretion. 

This discussion has mentioned two groups of 
persons, namely commercial air passengers and 
flying training students. One other group, less 
numerous than either of the above groups, but 
nevertheless important, should be mentioned 
for the sake of completeness. This group involves 
rated pilots that experience chronic airsickness 
vfhm. they transition to an aircraft considerably 
different from the ones they have been accus- 
tomed to flying. Usually this involves transi- 
tioning to single engine jet aircraft when they 
have been flying cargo or transport-type aircraft 
with reciprocating engines. 

These individuals present complex emotion- 
al problems that manifest themselves in airsick- 
ness. Frequently these flyers have been ordered 
to the new-type flying somewhat against their 
will. Usually, they have been away from acro- 
batic or operational flying for many years and 
feel that they are "too old" for that sort of flying. 
Too, many are settled with families, are nearing 
retirement age, and are only too aware of the 
risks involved in jet flying where the demands 
upon the human operator are greatly increased. 
Their airsickness .stems from lack of motivation 
for this new sort of flying, lack of confidence in 
their ability to attain and taaintain profidency 
in the aircraft, and the physical sensations of 
accelerations and motions that have been long 
since forgotten. 



All this is balanced against the pressure of 
completing the course satisfactorily, or being 
grounded permanently. Most flyers in this posi- 
tion deny any fear of flying, but readily admit 
they do not like to fly the new aircraft. These 
cases require more time and counselling than 
student pilots evidencing airsickness, but the 
approach is still the same. Interest and under- 
standing is paramount to the successful handling 
of such cases. 

ABRUPT ACCELERATIONS 

Although sudden acceleration, or rather de- 
celeration, has received a great deal of attention 
in recent years, only in a few applications has 
it actually been of much importance. In some 
respects it has been overplayed. Nevertheless, 
a thorough understanding of the mechanics and 
human reactions to sudden accelerations is im- 
portant. A discussion of the application of these 
forces to aviation medical problems follows. 

Ejection Seats 

In the early part of World War II, bailouts 
were accomphshed by using escape hatches or 
hy climbing over the side of the codcpit. As 
speeds increased and uncontrolled maneuvers of 
the aircraft produced high G forces, it became 
increasingly difficult to elFect a safe escape from 
a crippled aircraft. The effect pf radial acceler- 
ation in impeding escape was demonstrated 
convincingly in a motion picture made at the 
Mayo Aero Medical Unit in 1943. It was shown 
that a seated man was greatly hampered in es- 
cape at 11/2 G's, and above 21/2 G's was 
completely immobilized. It was evident from 
their studies that spinning, or any abnormal 
flight pattern, would delay or prevent escape. 

The same thoughts were apparently obvious 
to the Germans as far back as 1939. From 1940 
to 1945 they did extensive studies on windblast 
eflFects, animal acceleration tolerances, and hu- 
man rotational limits. The thoroughness of 
their studies revealed startlingly accurate con- 
cepts and information concerning the use of 
ejection seats. Studies made several years later 
in this country and Great Britain substantiated 
these early German findings, and even today, 
the ejection seat systems and designs are basic- 
ally the same as those first used by the Germans 
in 1943. 

In the later stages of World War II, gun cam- 
era films of AlHed Forced' fighter planes re- 
vealed that a number of German pilots were 
escaping from their aircraft by ejection seats. 
Although the idea was well known, the research 
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Fi{ure 5-14. Experlmantal Ejection to Test the System 



necessary to design and produce a functional 

ejection seat had not been accomplished by any 
Allied country. The fact that the Germans had 
been able to produce such a seat came as a great 
surprise to American and English engineers. 

The German ejection seat Was the result of 
detailed research into every conceivable aspect. 
Among other things, the Germans were able to 
accurately calculate the velocity of an ejected 
pilot with relation to the velocity of the tail of 
the aircraft at different altitudes and airspeeds, 
the pressure reduction rate on the body after 
ejection at different speeds and altitudes, and 
ttie human tolerances to vertical acceleration 
with respect to rate of onset and duration of 
acceleration. In addition, they recognized the 
"jolt" effect of ejection and were able to cal- 
culate, by using cadaver spinal columns and 
pressure hammers, the amount of vertical accel- 
eration a person could sustain without causing 
spinal injury. 

In 1945, shortly after the end of World War 
II, a United States team led by Doctor W. R. 
Lovelace II, traveled in Germany and Sweden 
to gather information on ejection systems devel- 
oped in those countries. The team brought back 
to Wright Field, Ohio, a Swedish J-2I seat and 
a German Heinkel He. 162 seat, along with con- 
siderable data on ejection systems. From this 
data and some experiments performed in this 
country, the first American ejection seat was 
developed. The seat and its capabilities were 
very similsw to the German He. 162 seat 

On August 17, 1946, First Sergeant Law- 
rence Lambert was ejected over Wright Field, 
Ohio. This represented the first American live 
ejection from an aircraft. The first emergency 



ejections from U. S. Air Force and U. S. Navy 
aircraft occurred within three weeks of each 
other. On August 8, 1949, a Navy pilot suc- 
cessfully ejected from his flamed out McConnell 
F2H-1 "Banshee" fighter. Three weeks later, on 
August 29, 1949, an Air Force pilot ejected 
from his North American F-86 "Sahrejet" safely 
when the aircraft went out of control. 

In the ten years following the first emergency 
ejection from a USAF aircraft, there were 1897 
ejections. Of these 1538 (81%) were success- 
ful, that is, not fatal. Thirty five percent of the 
fatahties occurred while the aircraft was in a 
dive. Inasmuch as this may be misleading, it 
should be stated that the single most critical 
factor in ejection is the amount of terrain clear- 
ance available at the time of ejection. High air- 
speed is frequently stressed as an important 
hazard in ejection. Actually, this aspect has re- 
ceived attention out of proportiofn to its impor- 
tance at this time. As can be seen in the related 
chart, 91% of the ejections and 80% of the 
fatalities occur at airspeeds under 400 knots. 

From the standpoint of human tolerance, tiie 
most important factor in catapult performance 
is controlling the burning rate of the explosive 
(powder) in the mechanism. This determines 
the rate of buildup of pressure in the catapult, 
which, in tirrn, determines the rate of increase 
in the acceleration-time curve. The force is ap- 
plied to the seat containing the man. If the 
force is built up gradually, a relatively smooth 
ride is experienced, but if the full force is ap- 
plied to the seat in a short time, a severe jolt 
results. This jolt is due to a rapid imparting of 
energy to the man as motion of the seat is 
initiated. 
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It is known that stresses in materials are a 
functiati of the rate of apphcation of force, and 
since acceleration is simply a measure of force, 
the rate of appUcation of acceleration deter- 
mines the stresses to which the human body is 
subjected during catapult firing. It was found, 
by trial and error, that a catapult which applied 
acceleration at the rate of 150 to 300 G's per 
second, or less, did not cause an excessive jolt. 
The rate of onset of acceleration of the M-5 
catapult, which is now the standard catapult for 
current USAF fighter aircraft, is low enough to 
produce minimum jolt with tolerable forces on 
the human. 



At the present time the USAF has five main 
types of catapult ejection seats: 

1. M-1: Upward ejection, for jet fighter 
planes. Acceleration is about 15 G's for 0.2 sec- 
onds, and attains a teraainal velocity of 57 feet/ 
second. 

2. M-2: Upward ejection, for indoctrination 
purposes (Ejection seat trainer). Acceleration is 
about 12 G's for 0.1 second. 

3. M-3: Upward ejection, for jet bombers 
(B-47, B-52) with high tails. Acceleration is 
about 18 G's for 0.3 seconds. Terminal velocity 
is 80 feet/second. 
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Figure S-1S. Relatianship dI Airspeed to Ejection Success 



Figure 5-16. RelatiDnship of Terrain Clearance to Ejection Success 
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4. M-4: Downward ejection, for the bom- 
bardier in the nose section of jet bombers; also 
for unmodified F-104 fighters. Acceleration is 
about 8 G's for 0.1 seconds. Terminal velocity 
is 40 feet/second. 

5. M-5: Upward ejection, for newer jet 
fighters. Acceleration is about 16 G's for 0.2 sec- 
onds. Terminal velocity is 60 feet/second. 

In addition, two newer type escape devices 
shoTild be mentioned; 

1. Rocket Catapult. The development of a 
rocket motor suitable for propulsion of an ejec- 
tion seat was introdticed in F-102 aircraft in 
1958. These scats have also been fitted into the 
F-106 and some F-104 aircraft as an upward 
ejection seat. The acceleration forces approxi- 
mate that of the catapult seats of the M-5 type. 
Rocket propelled seats feature the advantage of 
prolonged acceleration after leaving the cata- 
pult rails, thus providing additional altitude on 
ejection. This gives a somewhat better low alti- 
tude escape performance. To date there have 
been five emergency ejections with the rocket 
catapult seal. Four were successful including 
one from a retrofitted, upwfird ejection seat in 
an F-104. The fatality resulted in an ejection 
from low altitude while the aircraft was in an 
unusual attitude. 

2. Escape Capsules. At this time the USAF 
does not have an operational capsule, but exper- 
imental work is underway on such an escape 
system for the B-58 "Hustler" supersonic bomb- 
er. Details of such a device remain classified. 

Tolerance to ejections depends upon many 
things. Some of these factors have already been 
mentioned. Maximum tolerance limits for up- 
ward ejection have been estimated at 33 G's 
with a rate of onset of 500 G's per second, pro- 
vided an ideal position is assumed. The limits 
for downward ejection are considerably less. 
They are listed as 16 G's with a rate of onset of 
200 G's per second. The ideal position men- 
tioned above is probably the most important 
variable determining tolerance limits to up- 
ward ejection. 

Anatomically, a position providing the highest 
degree of linear straightening of the spine is de- 
sired. Tlie buttocks should be pressed firmly 
against the seat back. The lumbar spine should 
also be straightened against the seat back. The 
head should be pressed to the headrest with the 
chin tucked in. This tends to produce a spine 
that is straight from the pelvis to the head and 
provides a solid structure for the transmission 
of ejection accelerative forces. 

Many Of the injuries sustained in ejections 
are compression fractures of vertebra, and al- 
most all are wedge compressions involving the 
anterior vertebra lips. This is no doubt due to 




Figura 5-17. Correct Position for Election 



some flexion of the spine at the time of ejection, 
producing high velocity forced flexion of the 
bent spine with subsequent vertebral compres- 
sion. Poor body position during ejection is usual- 
ly due to one of several things: (a) undesirable 
aircraft attitude, (b) lack of eflFort or time to 
prepare for ejection, (c) inability to use the 
headrest, or (d) leaning forward to look out 
or to reach the ejection trigger. 

The legs should be placed in the foot rests 
before ejection. However, studies on the ejec- 
tion seat test tower have shown that if the feet 
are left on the rudders prior to ejection, they 
will swing back against the foot rest when the 
seat moves upward. This movement may bruise 
the calf of the leg, but usually does not cause 
incapacitating injuries. 

Elbows should be on the armrests, not pro- 
truding over the edge of the armrests. Some in- 
juries have been reported when the elbows 
struck the edges of the cockpit as the seat left 
the cockpit. 

Another factor affecting tolerance limits to 
upward ejection should be mentioned. This re- 
fers to the use of cushions with ejection seats. 
If excessive amounts of compressible material 
are placed between the man and the seat, the 
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UPWARD EJECTION 



UNEXPLORED 




body will tend to remain stationary for a longer 
period of time after the catapult has begun ac- 
celerating the seat. "Under such a circumstance, 
the rate of application of G forces and the peak 
G experienced by the man will be greater than 
that experienced by the seat, and can be ex- 
cessive. In other words, a thick sponge cushion 
allows the seat to "get a run" at the man and 
to hit him with a jolt that may exceed his toler- 
ance. All aircrew personnel must take care to 
use cushions, survival equipment or seat-type 
parachutes only in those combinations as are 
indicated in appropriate technical orders for the 
aircraft they fly. 

Downward ejecting seats do not present 
many of the problems encountered in upward 
ejecting seats. However, they have some pecu- 
liarities that warrant discussion. Since the down- 
ward ejecting seat does not have to clear a 



vertical stabilizer, and since it operates in con- 
junction with gravity rather than against it, the 
rate of acceleration does not have to be as high 
as that of the upward ejecting seat. This is for- 
tunate as human tolerance to negative accelera- 
tions is not as great as tolerance to positive 
accelerations. The negative acceleration of 
downward ejecting seats is not felt by the man 
and does not produce any physiological dam- 
age. 

During downward ejection, the body tends 

to rise out of the seat, and unless special precau- 
tions are taken, most of the load may be taken 
on the shoulders. The upper part of the verte- 
bral column and its attachment to the shoulder 
girdle does not appear to be adapted mechan- 
ically to take increased loads as well as the 
pelvic girdle. For this reason, the lap belt has 
been tnodiJBed to insure that it will be efiFective 
in applying ^oree^to the pelvic girdle. 
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TIME OF DESCENT IN MINUTES 



Figure 5-20. Caiculated Rates of Descent for Free Fall and Ofien Parachute (rem 50,000 Feet and Leww (n 

a Man Weiehii^ 200 Pounds 



What is required for this purpose is essen- 
tially the same modification devised in the de- 
celerator studies for holding the lap belt down 
— an inverted V-strap passing downward be- 
tween the legs from the lap belt. This strap will 
be automatically tightened when the flier pre- 
pares the seat for ejection. The ideal harness 
adjustment for downward ejection would be a 
tight lap belt and V-belt and a loose shoulder 
harness, thus insuring that the pelvic girdle will 
carry most of the load. 

The downward ejection seat is equipped with 
both footrests and foot retainer devices. The 
footrest serves merely as a guide for the foot to 
insure that the foot retainer device is engaged 
just above the ankle. The feet tend to rise dur- 
ing downward ejection, and the retainers 
which engage just above the ankle will prevent 
this movement. It should be emphasized that 
use of the footrests during downward ejection 
is ^sential to insure clearance of the hatch be- 
low the seat. Whereas, with upward ejection 
seats, the pilots have left their feet on the rud- 
ders until ejected and suffered only slight 
bruises. Downward ejectiott will ittake cortecl 
foot position imperative. During separation from 



the seat after ejection, any forward move- 
ment of the legs, such as would result with exit 
from the seat, will open the leg retainers. 

Parochute Opening Shock 

It is a weU known fact that the opening shock 
of a parachute is greater at high altitude than 
near the ground. If a parachute causes aa 8 G 
opening shock at 7,000 feet, the same parachute 
will produce more than 30 G's at altitude over 
40,000 feet. 

An understanding of the principles involved 
is helpful in determining what conditions may 
produce opening shocks in excess of human 
tolerance. 

Parachute deployment can be regarded as an 
air scooping, or filling process. The distance it 
takes for a parachute to travel sufficient space 
to fully deploy is related to the size of the para- 
chute, but not to the speed with which it travels. 
The larger the parachute, the farther it must 
travel to scooxd up the amount of air necessary 
for deployment. Experiments show that a para- 
chute must teavel approximately eight times its 
diameter before it is filled. 
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ALTITUDE 



Figure 5-21. Figure 5-22. 



In contrast to the filling distance, the filling 
time is related to speed. Since greater speeds pro- 
vide less time for the parachute to cover the 
filling distance, greater speeds cause shorter 
filling time and quicker deployment of the para- 
chute. As speeds at altitude are generally higher 
than those near the ground, shorter opening 
time at altitude should be expected. 

Additionally, in dense air the billowing of 
the canopy is somewhat damped. Since this 
damping is decreased as air density is de- 
creased, opening of the canopy is facilitated at 
higher altitudes where the air is less dense. Be- 
cause of the factors mentioned, the time neces- 
sary for deployment of a parachute is shortened 
by a ratio of 8:1 when comparing sea level to 
40,000 feet. 

Opening time also has effect on the amount 
of the opening shock. In a slowly filling para- 
chute, there is a certain amount of drag induced 
by the filling parachute. This produces some 
gradual deceleration before the opening shock 
generated by full parachute deployment. If the 
filling time is short, little deceleration takes 
place and full deployment of the parachute 
occurs at high speed. This can produce a high 
G opening shock in itself. 

Another factor involves the velocity of a free- 
falling body. At sea level, terminal velocity of a 
free-falling body is about 175 feet per second. 
The rate of descent of a man in a parachute is 
about 15 feet per second at sea level. Parachute 
opening results in a deceleration of 160 feet per 
second. At 40,000 feet, however, terminal veloc- 
ity of a free-falhng body is 350 feet per second 



and the rate of descent of a man in a parachute 
is about 30 feet per second. The deceleration 
now is 320 feet per second, twice what it is at 
sea level. 

The answer to high magnitude opening shock 
is free-fall to lower altitudes. Other than avoid- 
ance of opening shock injuries, there are other 
advantages in a free-fall after high altitude es- 
cape. There is less danger of getting the para- 
chute caught on the aircraft, and supplemental 
oxygen is required for a shorter period of time 
on the way down. Also, the flyer is exposed to 
low temperatures and low air densities for a 
shorter period of time. 

The XDrincipal disadvantages to extensive use 
of free-fall techniques have been lack of ability 
to judge height above the ground, combined 
with a fear of losing consciousness and not re- 
covering in time to puU the rip cord. The an- 
swer to this problem has been the introductioB 
of the automatic opening parachute. The open- 
ing device is actuated by either barometric pres- 
sure or a timer, both of which may be preset 
for the desired conditions. According to present 
technical orders, the automatic parachute open- 
ing device is normally set for 14,000 feet eleva- 
tion and a 2 second time delay. 

This means that if the emergency escape 
takes place at an altitude in excess of 14,000 
feet, the parachute will not be deployed until 
the man has reached 14,000 feet, at which time 
the barometric device will release a clock mech- 
anism which runs for 2 seconds, then in turn 
releases the power spring actuating the opening 
phase of the sequence. Below 14,000 feet, the 
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aneroid, or barometric portion of the device, is 
automatically bypassed, and once the parachute 
is armed, the timer operates for its two seconds, 
then initiates the opening. This combination of 
barometric and time control permits successful 
escape over an extremely wide range of 
speed and altitude. 

An emergency escape from above 30,000 feet 
without oxygen would be extremely hazardous, 
especially without an automatic parachute. In 
tfiis situation, hypoxia would be inevitable, with 
probable failure to regain consciousness in 
time to pull the ripcord. An open parachute 
descent from high altitude without oxygen 
would subject the man to the combined hazards 
of high opening shock, excessive cold, and pro- 
longed hypoxia. The wide acceptance of auto- 
matic opening parachutes has removed one of 
the dangers of high altitude bailout, but supple- 
mental oxygen is still essential. 

The oxygen supply in the H-2 cyHnder is ade- 
quate for free-fall escape from altitudes tip to 
50,000 feet. 

A device in the mask hose connector prevents 
oxygen from flowing out the open end of the 
hose until a pressure of about 15 inches of water 
is reached. This assures delivery of oxygen un- 
der pressure while the man is falling at high 
altitude. After approximately one minute the 
decreased cylinder pressure and the increasing 
atmosphere pressure decrease the rate of flow 



from the cylinder and the oxygen is delivered 
at a lower pressiue. Eventually the oxygen is 
supplemented with outside air to make up the 
volimie required to fill the lungs. 

Tumbiing 

When ejection seats were first introduced, 
one of the problems which appeared to be of 
very severe magnitude was tumbling following 
ejection. Ttraibling of the seat after ejection is 
quite variable, depending on the design of the 
seat, the aircraft, speed of ejection, and perhaps 
other factors. The highest tumble rate observed 
during extensive tests has been about 180 revo- 
lutions per minute, dropping off rapidly as the 
seat decelerates. In test ejections, tumbling was 
not a serious problem, for the volunteers found 
fbey were not aware of tumbling if they focused 
their attention on the lap belt or part of the seat. 

In emergency ejections a number of individ- 
uals have mentioned severe tumbling, and in 
two cases it appeared that this may have caused 
some delay in leaving the seat. In an unstable 
seat, the situation may be more serious during a 
long fall. The radial acceleration of prolonged 
spinning may be high enough to cause circula- 
tory failure and unconsciousness, or if of lesser 
degree, confusion and disorientation. Physlo- 
lofically,, flie acc^letative fta-cfes drive blood to 
the extremities producing positive G in the 
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Figure 5-23. Tumbling Effsct of an Ejeetioii Seat 
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lower extremities, and negative G in the head. 
There is a peripheral poohng of blood, de- 
creased venous return to the heart, decreased 
cardiac output, and eventual unconsciousness if 
the accelerative forces are of sufBcient magni- 
tude or duration. 

When the center of rotation is about the 
heart, 100 rpm for 10 seconds will produce con- 
junctival hemorrhages. When the center of rota- 
tion is about the iUac crest, 90 rpm for 3 seconds 
wiH produce conjunctival hemorrhages. Ejection 
seats generally produce rotation about an axi.s 
through the abdomen. Besides head-over-heels 
tumbling, which is rathi^ common follovi'ing ejec- 
tion, a man may alsao get into a flat spin dur- 
ing a long free-fall. In a flat spin, the body 
is essentially horizontal and rotates rapidly in 
the horizontal plane. Rates of rotation on 
free-falling dummies have been measured up 
to and exceeding 200 rpm for periods exceeding 
50 seconds. Such spinning rates are beyond 
human tolerance. Random motions of the arms 
and legs during free-fall tend to prevent high 
rates of spin. 

Tumbling in an acceleration field (epicyclic 
acceleration) can be extremely dangerous. Hu- 
man data in this field is lacking, but animal 
experiments have shown little body resistance 
to this type of acceleration. Chimpanzees sub- 
jected to 15 Gs and 20 rpm for 15 seconds; and 
also for 3 minutes showed severe effects after- 
Wards. Severe hemorrhage and hematomas were 
noted in the animals exposed for 15 seconds, 
and a fatal cerebral hemorrhage was noted in 
one animal exposed for three minutes. No doubt 
higher speeds and higher altitude operations 
will produce more opportunities for epicyclic ac- 
celeration exposure. To date, this has not been 
a major problem in escape from high perform- 
ance aircraft. 

The capsule escape system now being devel- 
oped has taken the problem of epicyclic acceler- 
ation into consideration, and is b^ing equipped 
with guide vanes or other stabilizing devices to 
prevent uncontrolled tumbling. Despite the pos- 
sible adverse effects of tumbling, presently it is 
deemed undesirable to eliminate tumbling en- 
tirely. Modification of an ejection seat to elimi- 
nate tumbling would entail a penalty in weight 
and complexity. Tumbling aids pilot-seat sepa- 
ration, and there Is evidence to suggest that 
tumbling may help reduce the effects of high 
decelerative forces to which the body is sub- 
jected by air density. 

Windblast and Dec^enition Injury 
From High Speed Ejections 

As aircraft performance in speed and altitude 



capability has increased, problems in both hu- 
man tolerance and mechanical design have ex- 
perienced a concurrent increase. Escape from a 
high performance aircraft involves physical 
stresses imparted by a sudden decrease in am- 
bient air pressure (decompression), a sudden 
decrease in temperature, tumbling and spinniug 
accelerations, and windblast and deceleration 
forces. Only the latter two stresses, namely, 
windblast and decelerative forces, will be con- 
sidered in this section. 

Windblast injuries have been studied exten- 
sively, but actual human tolerances have not 
been determined. Flailing of the extremities and 
head is known to occur at an equivalent ram 
pressure of 650 pounds per square foot. This 
occurs at subsonic speeds. The well publicized 
ejection of a North American Aviation test pilot 
from a F-lOO aircraft traveling at Mach 1.05 
has furnished some valuable data regarding 
windblast tolerance in humans. The ejection oc- 
curred at an altitude estimated to be between 
6,000 and 6,500 feet. Windblast pressure was 
calculated to be on the order of 1,240 pounds 
per square foot. Although injmies were Sievere, 
they were nonfatal. The major injuries con- 
cerned gastrointestinal dilation sustained when 
approximately three liters of air were blown 
into the stomach through the nostrils and mouth. 

Although the high ram air pressures sustained 
in high speed ejection can cause severe injury, 
the decelerative force encountered generally in- 
flicts greater injuiy and is considered the limit- 
ing factor in ejection survivability at high speed. 
Human tolerance to decelerations has been de- 
termined by rocket sled experiments and are 
as follows: 

1. Limit of tolerance for rate of change of de- 
celeration: 1500 G per second at 40 G for 0.16 
seconds duration or less, 

2. Limit of tolerance for magnitude of force: 

50 G attained at 500 G per second rate of onset 
and duration of 0.20 seconds or less, 

3. Limit of tolerance for duration of forces: 25 
G or more, at 500 G per second rate of onset, for 
one second. 

There are two factors which are involved in 
both windblast and deceleration effects. These 
are speed, and altitude. At higher altitudes, Ae 
air is less dense and an aircraft may fly faster 
because of less drag, or air resistance. At 30,000 
feet a seat may be ejected at 950 knots with the 
same windblast effect that would be encoun- 
tered at 600 knots at sea level. The peak decel- 
eration of 38 G's is also produced in either case. 
However, the kinetic energy of the seat has in- 
creased with inearease in speed, and tiiis increase 
in energy is according to the square of the true 
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airspeed. The kinetic energy at 950 knots then 
is 250% of the kinetic energy at 600 knots. 

Since the peak deceleration in each case is 
38 G's, the increased kinetic energy must be 
dissipated as a function of time rather than de- 
celeration. This causes a difference in decelera- 
tion that affects the ejected man in respect to 
duration of decelerative force. This accounts for 
the main danger in high altitude, high speed 
ejections and has stimulated a search for a light- 
er, stronger ejection seat. The related chart 
shows the decay rate of deceleration with re- 
spect to time for sea level altitude, and for 
20, 40, and 60 thousand feet. 

It is frequently argued that, because of the 
high fuel utilization rates at supersonic speeds, 
supersonic flight actually constitutes a small 
proportion of the total flight profile, even in 
aircraft designed for prolonged high speed 
flight. This would suggest that the chance for 
ejection at high speed would also be small. On 
the contrary, operational stresses on the aircraft 
and the time available to take corrective action 
places unusual demands upon the human oper- 
ator. This increases the chance for mechanical 
failure or human error during maximum per- 
formance flight, and the probable development 
of an emergency escape situation. 

Statements by pilots ejected at high speed 
leave the impression that such ejections realis- 
tically simulate what they imagine hitting a 



brick wall would be like. The windblast and 
deceleration experienced certainly must give 
the impression of hitting a solid object at high 
speed. Tliere is one other problem that survi- 
vors of high-speed ejections fail to mention — 
perhaps because they survived — which in- 
volves hitting the tail of the aircraft. At the 
high speed of the aircraft, and rapid deceleration 
of the ejection seat and its passenger, there is 
an increased chance of not clearing the vertical 
stabilizer of the aircraft. Therefore, as aircraft 
speeds increase, ejection velocity must also in- 
crease. This again brings up the problem of ver- 
tical acceleration tolerance. 

The present systems are occasionally causing 
aircrew injuries, just from the force of the ejec- 
tion catapult, unless ideal anatomical positions 
are assumed at the time of l3ie firing of the seat. 
Because this is not always possible, one of two 
things must be instituted to allow increased 
velocity of ejections. Either the acceleration 
must be prorated over a longer time, or auto- 
matic restraining devices to cause proper body 
positioning must be built into ejection seats. The 
rocket catapult seats promise aid in the areas 
of increasing duration of acceleration, PeihaiB 
a combination of rocket seats, plus tiie restrain- 
ing devices is the best answer. 

As gathered from the preceding discussion, 
the problems of high speed escape are many. 
More important, much of the data are lacking 
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regarding the type of accelerative force en- 
countered in high speed ejections. As more and 
more flight profiles are carried out in the zone 
of supersonic and hypersonic speeds, the prob- 
lems of escape from aircraft will increase in im- 
portance. Rocket seats, capsules and, perhaps 
even miniature independent flying cockpits, will 
be developed to meet the demands of the prob- 
lems of escape from high performance aircraft. 

Crash Landings and Accidents 

It is generally held that persons involved in 
aircraft accidents are either fatally injured or 
completely uninjured. This is true to a large ex- 
tent. In a study conducted on aircraft accidents 
in 1955-1956, seven per cent of the persons in- 
volved sufiFered major non-fatal injuries. The 
rest came within the fatal injury or minor/no 
injury class. The single most frequent cause of 
major non-fatal injuries was vertebral fractures. 
This was followed in frequency by head in- 
juries, burns, and fractures of other bones, in 
that order. 

Injuries, fatal and otherwise, are more fre- 
quent, proportionally, in jet aircraft,. In cargo 
and transport type aircraft, most injuries occur 
as a result of failure of aircraft seat moorings, 
failure of the shoulder harness inertia red to 
lock, and the free-flight of unsecured objects in 



the cabin of the aircraft. Most survivable injuries 
in jet aircraft involve vertebral fractures, which 
are the direct consequence of vertical deeelera- 
tive forces, and direct traumatic injury as a re- 
sult of forceful collapse of the aircraft structure. 

The comparison of injuries between the front 

and rear seat passengers in accidents involving 
two-place jet aircraft is enlightening. FataHties, 
as well as major injuries, are higher in the front 
seat. The percentage of uninjured in tihe rear 
seat is significantly greater than that observed 
for the front seat. Vertebral injuries also are 
significantly higher in the front seat. This is 
attributed to the following two factors: 

1. The "slap down" of the front of the aircraft 
in forced landings and partially controlled 
crashes. This produces high accelerative forces in 
the front cockpit, relative low magnitude ac- 
celerations in the rear cockpit. 

2, The shock absorption of the front of the air- 
craft in accidents affords more protection for the 
rear occupant than for the front cockpit oceu^ 
pant. 

The mechanism producing vertebral fractures 
is usually a vertical force applied from below 
upward, as the aircraft sti-ikes the ground. This 
is followed by a horizontal force applied from 
the front rearward, as the aircraft decelerates 
while traveling along the ground. The injuries 
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Figure 5-2G. Demonstration of Sling Harness Used in Lifting a Back-Injured Pilot fram tlie Cockpit. The Paracliute 

is Used to Stabilize and Support the Bacli 



in military aircraft correlate well with those en- 
countered in civilian flying. The most frequent- 
ly affected vertebra are those at the thoraco- 
lumbar junctian, i.e., T-12, L-1, and L-2. About 
one half of the victims have more than one ver- 
tebral fractured. About one-half of the non- 
fatal vertebral fractures occur when the aircraft 
first touches down and then encounters an ob- 
struction before coming to rest. The chance for 
serious injuries is decreased if the aircraft en- 
counters the ground at a low rate of descent, 
and can gradually slide to a stop without any 
sudden deceleration. 

Vertebral fractures should always be sus- 
pected among survivors whenever a major air- 
craft accident occurs. In addition, forced or 
hard landings may produce fractiues of verte- 
bra. The responsible medical officer should be 
prepared to recognize and handle this type of 
injury. In removing pilots from cramped cock- 
pits, it is difficult to prevent some extension and 
twisting of the back. This can result in transec- 
tion or severe injury to the spinal cord. 



If possible, some device should be used to 
remove the pilot in his parachute from the cock- 
pit without manipulation of the spine if a verte- 
bral fracture is suspected- The accompanying 
illustration shows a simple harness, attachfed to 
the parachute shoulder straps, which provides 
a means of removing llie pilot in a seated pos- 
ture. This prevents tfie stretching, twisting, and 
compression of the spine as the victim is re- 
moved by hand. After removal from the aircraft, 
the back-injured individual should be treated 
with back support and traction, or by the stand- 
ard procedures prescribed for treating vertebral 
fractures. 



Profective Devices 

The devices designed for protection against 
accelerative forces, the anti-G suit and the fly- 
ing helmet, are well known to most Air Force 
pilots. The anti-G suit is discussed in another 
section. 
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Flying helmet. When jet flying was intro- 
duced in this country, it became obvious that 
more substantial head protection than that af- 
forded by the leather flying helmet was needed. 
The bumps and jolts experienced in high speed 
flight require head protection to prevent injury 
in turbulent weather. The first helmet devel- 
oped for use in jet aircraft was the P-1. This 
was a rigid plastic shell with a head harness 
type suspeiision system for the head. It was 
equipped for oxygen mask attachment and had 
an AN/AlC-8 interphone system, but no visor. 

When the visor mechanism was added, the 
helmet became the P-3. When the P-3 helmet 
was equipped for use with the AN/AIC-10 in- 
terphone system, the type designation of the 
helmet changed to P-4. The visor mechanism of 
the type P-4 helmet was modified to insure a 
more positive locking in the dowri position, and 
the type designation was changed to P-4A. The 
P-4B helmet is identical in all respects to the 
P-4A helmet except for the communications 
system. 

The H-149 headset is used in the P-4B hel- 
met, and the H-75 headset is used in the P-4A 
helmet. Both of these headsets are compatible 
wifji the AN/AIC-10 intercommunication sys- 
tem. The principal dtferences between the H- 
149 and the H-75 headsets, as used in these 
helmets, are the routing of the cable leads and 
suspension of the earphone mountings inside 
the helmet. The P-4B has been, and is, an ex- 



cellent piece of equipment. It meets the require- 
mente of being light in weight and providing 
the necessary protection, plus allowing for at- 
tachment of oxygen and communication equip- 
ment. However, the P-4B, as all the P-type 
helmets have been, is uncomfortable to many 
airerewmen. The web suspension is difficult to 
adjust for complete comfort, and it frequendy 
slips out of adjustment. 

A new helmet, the HGU-2/P, was recently 
made available. The HGU-2/P helmet was de- 
signed to replace the P-4 series helmet. It is a 
rigid molded, reinforced plastic shell with a 
closely fitted visor assembly. The visor assembly 
is covered by a visor housing which serves to 
reduce damage to the lens and adds consider- 
ably to impact protection. The principal difi^er- 
ence from previous helmet configurations is the 
use of a ioaxa plastic liner rather than the sling 
type suspension. To this liner are attached the 
helmet fitting pads of proper thickness to ad- 
just the helmet to individual head sizes. 

One other helmet deserves mention as it serves 
partially as an impact protective device. This 
is the HGU-6/P high altitude flying helmet. It 
is used with partial pressure suits, and is de- 
signed for use at altitudes above 50,000 feet. 
Basically, it is a soft helmet. It embodies a blad- 
der for supplying pressure, a detachable rigid 
molded plastic outer shell to provide protection 
and retain the pressure vnthin the defined area, 
and a transparent facepiece. 
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Persons associated with the operation of mili- 
tary aircraft are exposed to hazardous noise at 
one time or another. In past years attention was 
directed only to the noise problems encountered 
by aircrew members — namely, possible noise- 
induced hearing loss, excessive fatigue, and 
difficulty of voice communication. Air Forcewide 
adoption of turbojet powered aircraft neces- 
sitated giving special attention to the hazardous 
noise environment of men working on and near 
aircraft on the ground. While aircrew members 
of some aircraft are exposed to high-intensity 
noise levels, it is the ground maintenance crews 
who are subjected to the most hazardous noise 
exposure, 

THE EFFECTS OF NOISE ON MAN 

Noise, in itself, is of little importance unless it 
adversely affects a receiver, such as man, a 
structure, or the like. The effects of noise on 
man fall into three categories: 

1. Noise may be a source of annoyance. 

2. Noise may interfere with conversation. 

3. Noise may be of sufficient intensity and 
duratiorl to have a potential damaging effect on 
the hearing of an individual. 

Generally, as the intensity of noise increases, 
there are five thresholds of interferences to the 
human functions that should be considered. In 
the order of their importance these are: 

1. The threshold of hearing. 

2. Interference with rest and sleep. 

3. Interference with speech communication. 

4. Threshold of hearing damage risks. 

5. Threshold of pain (physical damage). 



The first threshold is that of hearing, and is 
equivalent to zero (0) loudness level. 

The second threshold is the noise level whjch 
may interfere^ with rest and sleep on an airbase 
or adjacent communities. 

The third thresbold is the noise level which 
will interfere with speech communication. 
There are several thresholds for speech com- 
munications, depending upon the quality of 
communication required for effective operation. 

The fourth is the threshold of hearing damage 
risk. This is the noise level which, after pro- 
longed exposure of an individual to certain sound 
pressure levels and frequency characteristics, 
can produce noise-induced hearing loss. 

The fifth is the threshold of pain. Since pain 
is considered a sign of physiological damage, 
the noise level in the ear canal should never 
exceed this tbreshold no matter how short the 
exposure period. An individual's exposure to a 
physical damage threshold may be dangerous, 
and may result in nonauditory effects such as 
disorientation, nausea, and vomiting, even if 
the ear canal is protected. 

Further consideration of the damage risk 
threshold reveals that prolonged (exposures to 
noises having certain sound pressure levels and 
frequency characteristics can produce a reduc- 
tion in auditory acuity. The Damage Risk Cri- 
terion graph shows the best estimate of sound 
pressure levels in each of the eight frequency 
bands between 20 and 10,000 cycles per second 
(cps) for continuous wideband noise. If these 
sound pressure levels are exceeded continuous- 
ly for an eight-hour day, five days a week, 
during a twenty-five year working lifetime, they 
will give rise to a risk of impaired hearing to 
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Figure 6-1. Damage Risk Crltsrion 



an unprotected ear. This is indicated as "damage 
risk criterion". However, these levels can be 
exceeded wlik comparative safety for noise ex- 
posures of shorter duration, or when ear protec- 
tion is used. 

The range of susceptibility to damage varies 
among individuals in that some have tough ears 
and can tolerate noise levels higher than others 
with tender ears. Those having tough ears will 
be better protected from hearing impairment by 
the damage risk criterioHj which represents a 
conservative standard and, if not exceeded 
continuously, should prove safe for the large 
majority of individuals. 

The Fhght Surgeon must familiarize himself 
with the noise conditions of his particular in- 
stallation, and maintain a constant program of 
surveillance to control the effects of hazardous 
noise exposure. AFR 160-3, Hazardous Noise 
Exposure, provides for; 

1. Indocti-inating personnel in the undesirable 
effects of noise. 

2. Keeping noisy work ai'eas under sur*veil- 
lance. 

3. Issuing personal protective devices and 
instructions for using and caring for them. 

•4. Minimizing exposure of personnel to in- 
t€snse noise in work areas. 
5. Monitoring audiometry. 

Noise In Flight 

Noises within the crew and passenger posi- 
tions of alreraft in flight may be of several 
types and caused byi Turbojet engines in jet 



powered aircraft. Jet engines plus rotating pro- 
peller tips in turboprop powered aircraft. The 
slipstream. Aircraft powered by reciprocating 
engines. The noise of static and signals from 
the radio communications system (common to 
all aircraft). 

Jet Aircraft 

Noise within a turbojet powered aircraft in 
flight originates from two principal sources, the 
engines and the shpstream. The noise spectrum 
of both sources is essentially the same; a con- 
tinuous spectrum in which every frequency in 
the audible spectrum is represented, with but 
little intensity variation with frequency. Tlii.s 
type of noise is referred to as white noise, and 
is characterized as being like a smooth whoosh 
of wind. The high frequency whine of the turbo- 
jet engine is seldom audible in flight, being 
exceeded by the aesrodynamic (white) noise. 

Because the speeds at which jet aircraft trav- 
el are far higher than those of the older models, 
the slipstream noise reaches very high levels. 
It has been measured at about the same levels 
as those of the engine alone in some cases. It 
tends to increase with airspeed, but to decrease 
with altitude. The variation from aircraft to air- 
craft of the same model, depending on the tight- 
ness of the cockpit seal, is far greater than it 
is among conventional type aircraft. The noise 
spectrum measured in the cockpit of an F104A 
aircraft flying at military power, afterburner 
power and cruise, is shovm in the related 
graph. The over-all sound pressure levels vary 
from 103 to 115 db, depending upon the power 
settings. 
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Figure 6-2. Noise Spectrum in Cockpit of 
F-104A In Flight 
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Measurements taken in other single engine 
jet ail-craft have shown lower over-all levels, 
ranging from 100 to 110 db. The general shape 
of the octave band noise curves for all high 
speed jet aircraft are similar and fairly "flat". 
The levels in the higher octave bands are as 
high and sometimes higher than the levels in 
the lower bands. This is characteristic of jet 
and aerodynamic noise as contrasted with the 
normal falling characteristic of propeller driven 
aircraft noise. 

Over-all noise levels within the cockpit of the 
B-47 in level flight range from 92 to 98 db at 
the site of the navigator's seat, and from 100 to 
110 db at the heads of the pilot and the copilot. 
During the takeoff roll these figures are about 
10 db higher. 

The noise levels on the flight deck of the 
B-52 range from 88 db while taxiing to 100 db 
during climb, while the over-all level is 108 db 
in the tail guner's compartment. Over-all levels 
on the flight deck and at tiie boom operators; 
position in the KC-135 are comparable to the 
B-52 for the flight deck and tail gunner posi- 
tions. It is probable that future multiengine jet 
aircraft will be no noisier in the cockpit than 
the B-47, but special effort to ensore a perfect 
seal in the crew spaces which are aft of the 
engines in multiple jet engine aircraft will be 
required if tolerable noise levels are to be 
maintained. 

Remember tbat the above sound pressure 
levels were measured in the cockpit. The in- 
tensity of noise that reaches the ear is at least 
10 db less because of the protection afforded 
by the jet hehnet. 

Reciprocating Engine Aircraft 

The most conspicuous characteristic of the 
noise within the cockpit and cabin of piston- 
engine aircraft is the low-frequency portion em- 
anating from the rotating propeller tips. It is a 
tone which has a fundamental frequency of less 
than 100 cycles per second (eps) and is rich 
in higher frequency harmonics. (This type of 
sound is commonly designated as a discontinu- 
ous or harmonic-line spectrum, as opposed to 
the continuous spectrum of the slipstream noise 
in which all frequencies are represented over a 
continuous broadband.) The noises of engines 
and exhausts, together with those of the re- 
sulting fuselage vibrations, are similar in char- 
acter to that arising from the propeller tips, but 
are usually of less intensity. 

The continuous spectrum slipstream or aero- 
dynamic constituent is the least intense and 
least noticeable component of the total noise 
present within a conventional aircraft in flight. 



The exact combination of these components 
varies greatly among different aircraft depend- 
ing upon the power applied and upon the type, 
number and placement of the engines. Subjec- 
tively, however, the noise within all convention- 
ally powered aircraft in flight is discontinous, 
is most intense in the low-frequency range (300 
cps and below), and falls off fairly rapidly as 
frequency becomes higher. 

Actual noise levels measured in these aircraft 
vary from as low as 90 db to as high as 130 db, 
depending upon both the type of aircraft and 
the conditions of operation. All types are loudest 
during preflight checks, takeoff, and climb. As 
engine power is reduced at altitude, the noise 
is lowered by as much as 10 to 15 db. 

Noise levels in multiengined aircraft vary con- 
siderably with crew position. In some aircraft 
it is the pilot who is exposed to the loudest 
portion, due to the soimd-treatment in the pas- 
senger compartments. In others it is the crew 
members who are stationed in the rear of the 
cockpit between the engines. 

Turboprop Powered Aircraft 

The noise levels in turboprop powered air- 
craft are not unlike the levels and spectrum 
of conventional reciprocating engine aircraft. 
The characteristic of the noise within the air- 
craft is the low frequency energy emanating 
from the rotating propeller tips. However, some 
of the higher frequency jet engine noise is also ap- 
parent. Refor to the accompanying graph which 
shows an octave band spectrum level curve for 
the C-130B aircraft for two flight conditions inside 
the flight compartment. The octave band levels 
for other turboprop aircraft vary somewhat, but 
the general shape of the noise curves are similar. 
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Figure 6-3. C-130B Flight Compartment Noise Levels 
In Flight 
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Radio Noise 

It is often assumed that the signals coming 
over aircraft radios are so intense that they add 
considerably to the total noise to which the air- 
man is exposed. It has been shown that such 
is not the usual case either for speech or for 
the beam signal (pure tone of 1,020 ops). 
Under most conditions, the intensity of the 
signal required is appreciably lower than that 
of the general cockpit noise and therefore can- 
not add significantly to the total. 

The exception is under conditioiis of intense 
static. Static has a continuous noise spectrum 
just as jet noise has, but its intensity varies 
rapidly ^vith time and can be very great mo- 
inentarily, Further, its average intensity is in- 
creased as the volume setting of the receiver 
set is raised to perceive the signal. At such 
times, the signal must be higher than the am- 
bient liaise if adequate perception is to be 
maintained. The static plus the signal can then 
add very significantly to the total noise present. 



NOISE DURING GROUND OPERATIONS 

Jet Aircraft Noise 

The noise of jet engines operating on the 
ground is continuous, and is not only high 
throughout the audible frequency range but 
usually has one or more very intense peaks 
superimposed. These reflect the siren-like effect 
of the turbine vfheel and increase in frequency 
with a rise in rpm. The peaks vary in frequency 
from 200 ops up; often there are harmonics of 
the peaks at higher points on th(; spectrum. 
The peaks tend to stand out at locations within 
an arc of 45° to the front and rear of the axis 
of the aircraft. 

The associated graph shows the spectrum of 
a typical jet aircraft (F-IOOA) operating at 
three different power settings. The measure- 
ments were taken at two different angles from 
the front of the aircraft during ground runup 
operation. With increase in power settings, the 
mass of the noise energy is shifted to the low 
frequency range in the newer jet engines. The 
addition of afterburners adds greatly to the noise 
in the low to middle frequencies, and Increases 
the over-all intensity by about 12 db. But the 
higher fi'equencies are still very intense, and the 
total effect is that of a tremendous and smooth 
roar, 

Noise levels of 110 to 120 db are very common 
even at relatively low power settings, both at 
the locations where men work on jet aircraft, 
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and over a fairly wide area surrounding the air- 
craft. On multiengine jets the noise often ex- 
ceeds 130 db even at a considerable distance 
from the engines, The intensity is less directly 
in front of the aircraft than toward the rear. 
Very great differences in noise level are found 
at locations only a few feet apart. 

An outstanding difference between the jet 
and the reciprocating engine, from the mainte- 
nance man's viewpoint, is that it is often neces- 
sary to work on the jet engine while it is run- 
ning, which is seldom necessary or possible on a 
reciprocating engine. On the B-52, men making 
the engine trim on one engine are exposed to 
noise levels of 140 db when the engine is running 
at 100% power. A similar situation exists with 
some fighter aircraft. The engine access area of 
the F-101 varies from an average of 115 db at 
idle to 125 db at full power settings. Personnel 
are required to work for several minutes at a 
time in these locations to make adjustments. 

Reciprocating Engine Powered Aircraft 

The noises of reciprocating engines and of jet 
engines also differ greatly during ground opera- 
tions. The reciprocating engine noise again is a 
discontinuous noise having a low fundamental, 
and a fairly rapid falling off in intensity at high 
frequency. It differs from the noise in flight in 
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that there is no continuous component of aero- 
dynamic origin. There is less sound in the higher 
range than there is during flight because the 
contribution of the sUpstream is missing. 

Measurements of the noise levels iii which 
men must worlc, either during maintenance 
checks or during preflight checks on convention- 
al aircraft, show that all USAF aircraft generate 
a maximum of at least 120 db and usually more 
at tie locations regularly occupied by various 
crewmen both inside and outside the aircraft. 

Turboprop Powered Aircraft 

The noise of tiie turboprop) powered aircraft 
on the ground shows considerable variation of 
octave band pressure as a function of engines 
rpm. The related graph shows the over-all sound 
pressure level and octave band pressure levels 
for several conditions of engine runup operation 
of the C-130A. Observe that the noise specti'um 
in front of the engines at flight idle is similar 
to the noise spectrum of ]et powered aircraft, 
while at ground idle the mid-frequencies are 
emphasized. In a position just off the propeller 
blade tips note that the primary acoustic energy 
lies in the lower frequency bands, and is due 
primarily to noise emanating from the propeller 
tips. However, much higher frequency energy 
is present than in the reciprocating engine octave 
band spectrum. 

Whether the aircraft on a base are powered 
by conventional or by jet engines, the constancy 
of operations is a significant factor in an evalua- 
tion of the noise hazard for all personnel in the 
immediate area. On busy flight lines the operat- 
ing aircraft, the auxiliary power supply units 
(which generate from 120- 130 db), and a va- 
riety of other power driven tools and vehicles 
combine to maintain the average ambient noise 
level at an over-all sound pressure level of 
approximately 100 db for several hours daily. 
Such an Miount of noise e3tj»osure may be con- 
sidered hazardous when it is present in working 
areas continually during an 8-hour period each 
day. 

When muscles of the middle ear, whose func- 
tion it is to attenuate high-intensity noise, and 
the sensory cells and nerve fibers of the inner 
ear became fatigued, the inner ear may actually 
be damaged. In some cases of sudden irppact 
noise or blast whereby the tympanic membraiie 
is ruptured, it is believed that the ossicles may 
be dislocated, Again, as with other organs, the 
degree of damage for any individual ear is 
dependent upon the intensity, the duration, and 
the type of stimulation. Among individuals, the 
diffwence in susceptibility and in capacity to 
recover is very great. 
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Figure 6-5. C-13(IA Kaise Levels During Ground Engine Runs 



Some ears will withstand intensities of 120 db 
for relatively long periods. Also, some indivi- 
duals will recover from a given degree of loss 
suffered from noise exposure in a few minutes, 
while others will require a full day or even more. 
There is now no evidence to indicate that, given 
equal over-all intensities, noise of the jet or 
white type will do more damage than will noise 
of the piston-engine type (discontinuous spec- 
trum with principal energy in the low fre- 
quency range). 

Severe depressions in auditory acuity can be 
suflFered without danger of permanent impair- 
ment if sufBcient time is allowed for recovery 
before the next exposure. Such hearing losses 
are termed temporary threshold shifts. Among 
those working in occupations which are con- 
tinuously noisy there may not be sufficient time 
between exposures for reiC30very by individuals 
who require a longer time for the process. These 
individuals accumulate the loss from day to day. 
Unless they are removed from the job, or are 
provided with adequate protection, their ears 
do not recover appreciably even with longer 
time allowances. Their hearing losses may then 
be termed permanent. 

Pcttf^rn of Impairment 

Although the temporary deafness suffered 
may involve the lower and middle frequency 
ranges, the permanent impairments more often 
center around the frequency of 4,000 cps. The 
low point of impairments most commonly re- 
cognized is from 3,000 to 6,000 cps. A typical 
progression is one in wllich the damage is first 
confined to a narrow frequency band. With 
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further exposure, the impairment spreads to the 
surrounding frequency bands, and the initial 
low point goes lower. The losses are perceptive 
in character. Those in whom the loss is centered 
about 4,000 cps may suffer quite extensive im- 
pairment in the high frequencies before hearing 
in the speech range is afFected. The accompany- 
ing graph depicts progressive audiograms 
showing a typical regression of hearing acuity 
resulting from prolonged exposure to severely 
hazardous noise. 

Incidence of Trauma 

In assessing the effects of noise on the audi- 
tory acuity of a group of individuals, remember 
that among the so-called normal population 
there are many cases of high-tone perceptive 
hearing loss which cannot be attributed to noise. 
Approximately 20% of normal young men ex- 
hibit an impairment to some degree in the fre- 
quencies alcove 2,000 cps, Furthermore, the 
average individual gradually loses acuity for the 
high frequencies with age. By computing the 
percentage of such losses among men working 
in noisy occupations and comparing it with that 
among the general population, it has been dem- 
onstrated that the proportion of such impair- 
ments is higher with longer exposure to more 
intense noise. In even the noisiest areas, on the 
other hand, there are individuals who have re- 
tained perfect hearing acuity. 

Because both intensity and duration of ex- 
posure are primary factors in the development 
of auditory fatigue in flight, it is the piston- 
engined and turboprop aircraft which currently 
present the greatest noise problem. 

Many studies of auditory acuity among fly- 
ing personnel have shown that the proportion 
of permanent high-tone hearing losses has been 
greater among flyers of conventional aircraft. 
Moreover, it has been shown that most individ- 
uals suffer a temporary impairment following a 
flight. The degree and the duration of that loss 
for any individual is dependent upon both the 
type of aircraft and upon the length of the flight. 

It has been assumed that the incidence of 
these impairmeaate would decrease as more and 
more aircraft are pressurized and thereby made 
less noisy. However, remember that the large 
pressurized aircraft remain in the air for many 
more hours at a time than do the older models. 

Among men performing aircraft maintenance 
duties on the ground, there is also a fairly large 
proportion of high-tone perceptive hearing 
losses. Although exact figures for comparison 
are not presently available, there is every indi- 
cation that the auditory acuity of a given age 
group is slightly poorer than that of a compar- 
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Figure 6-6. Typical Regression of Hearing Acuity 
Resulting from Prolonged Exposure te Hazardous Noise 



able age group among flying personnel. It is 
not yet known whether these difference are 
wholly or in part due to noise exposure or to 
other factors. The length of any single hazard- 
ous noise exposure is usually far less for air- 
craft grouild rhadntenance men than for those 
who fly, but the incidence of daily exposure is 
greater. 

The ambient noise level on operational flight 
lines is usually about equal to or somewhat less 
than the damage risk criteria (95 db), However, 
some individuals are required to participate in 
engine start, runup, and adjustment activities 
several tiines during a work day. Fortunately, 
these activities are sporadic and usually al- 
low adequate time for recovery from the last 
exposure. 

Tinnitus 

The temporary deafness incurred by noise is 
frequently accompanied by a feeling of "full- 
ness" and a ringing, buzzing, or roaring sound 
(tinnitus) in the ears. Such sounds will subside 
for most individuals within a few minutes, but 
will continue with others over a period of many 
hours. A few individuals perceive a noise of 
one of these types almost constantly. Although 
there are many factors which can and do cause 
tinnitus, those which follow exposure to noise 
are thought to be indicative of a direct irrita- 
tion of the nerve and/or the sensory cells by 
the noise. Many individuals who have permanent 
impairments in the middle or high frequency 
range, experience fairly constant tinnitus. In- 
dividuals with normal hearing acuity rarely 
suffer from tinnitus except immediately after 
noise exposures. 
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Effect of Noise on Speech Perception 

In the past it was thought that the temporary 
depression in acuity suffered by noise exposures 
would affect perception for speech during such 
exposures. The assumption was that a man who 
displayed very definite speech impairment un- 
der quiet circumstances following a long flight, 
would likewise have experienced difficulty in 
perceiving signals over his radio during the lat- 
ter portion of his flight. It was demonstrated, 
however, that such is not the case with most 
individuals. Although there is definite impair- 
ment for signals of low intensity, there may be 
little or no impairment of ability to perceive 
signals of high intensity relative to the ambient 
noise level. Hearing acuity thus is observed to 
be a function of signal-to-noise ratio which re- 
mains constant under all conditions of threshold 
shift except in very severe, and unusual, cases 
of abnormal auditory fatigue. 

Given the very high signal intensities required 
in flight by normal ears for adequate percep- 
tion of signals, therefore, the acuity of ears which 
are being fatigued is likewise adequate since the 
relative intensity of the speech signal above the 
noise level stays constant as the hearing thresh- 
old shifts. The situation is similar for individuals 
employed in intense noise on the ground. This 
phenomenon prevails for most, although not for 
all individuals demonstrating permanent per- 
ceptive lesions. 

Fatigue 

Of the more general effects of noise the most 
universal is a feeling of excessive fatigue at the 
end of exposures, which is out of proportion 
to the fatigue which would be expected from 
similar work under more quiet cireumstances. 
This effect has bceu noted by both flyers and 
ground maintenance men to be greater in pro- 
portion to the noise volume. For the flyers, it 
appears likely that a portion of the fatigue can 
be attributed to the necessity for paying strict 
attention to the radio signals, especially during 
instrument flight. Although the signals normally 
do not add to the total noise, the signal-to-noise 
ratio (difference in intensity between signal 
and ambient noise ) is very small compared with 
that in normal grouiid communication. There 
is, then, a psychological strain involved in the 
listening. For the ground maintenance men the 
noise alone appears to be responsible, with the 
noise of jets being relatively more fatiguing than 
that trf piston engines. 

In connection with the generahzed fatigue, 
there is frequently an increase in irritability. 



This effect has also been noted by men working 
on jet aircraft. 

Subjective Tolerance to Noise 

It is obvious that for most ground mainte- 
nance men 120 db, 130 db, and 140 db of sound 
pressure do not necessarily define the thresh- 
olds of discomfort, tickle, and pain. If they did 
the men would not be able to tolerate tlie noise; 
symptoms more severe than fatigue and irrita- 
bility would be experienced. The explanation 
lies in the fact that with repeated exposures, 
most men can build up a high subjective toler- 
ance to intense noise; The thresholds for both 
discomfort and tickle are raised considerably 
over those for the average individual; even that 
for pain can be raised by a few decibels. 

There are great differences among individuals 
as to the degree of subjective tolerance that can 
be developed. This degree varies from time to 
time in the same individual, depending upon his 
general physical and ^notional condition. 
Little correlation has been found between audi- 
tory acuity and subjective tolerance, but emo- 
tional stability appears to be a significant factor 
here. There is a very definite correlation be- 
tween subjective tolerance and the spectrum cf 
a noise. Low-pitched noise is far less disturb- 
ing to most individuals than is equally intense 
sound of medium pitch. Very high-pitched 
noises are extremely annoying to most persons 
at any intensity. 

Somatic Symptoms 

In some instances the complaints are so vague 
as to suggest malingering. The man cannot put 
his finger on any one symptom; he just does 
not like the noise. In other cases, quite specific 
symptoms are described. In addition to acute 
pain in the cars, there is a feeling of pressure 
or blast. The head and often other parts of the 
body are felt to vibrate in response to the 
sound. (The sound pressure is approximately 
a gram and more per square centimeter at in- 
tensities above 135 db. ) Vestibular reactions are 
sometimes evoked; unsteadiness, and occasion- 
al nausea and Vomiting occur. Weakness in the 
knees lias been noted in some cases, and visual 
disturbances have been observed. All of tlie lat- 
ter symptoms disappear with cessation of the 
noise. Most men experience none of these effects 
or, if they do, they are in no way upset by 
them. 

Clinical Experience 

During the past decade a detailed medical 
history and examination has been performed on 
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hundreds of flight line personnel exposed to jet 
engine noise. It has been determined that ex- 
cessive fatigue and somatic sjfmptQins, as mrai- 
tioned in the previous paragraphs, oecur so in- 
frequently as to be practically nonexistent. When 
these syrnptoms do occur they are ahnost in- 
variably associated with the assignment of a 
new type of aircraft at the base. There appears 
to be no relationship between the noise inten- 
sity and the reporting of these symptoms. After 
a new aircraft has been operating on a base 
for several months and experience is gained in 
its operation, the reports of excessive fatigue 
and other somatic complaints disappear. For 
this reason it is suspected that the symptoms 
may be caused by fear of the trnknown, in this 
case a new type of aircraft, rather than physio- 
logical in nature. 

Effect on Work Output 

Among those who have no objection to the 
noise, there is apparently no change in work 
output, eitlier qualitatively or quantitatively. It 
is not possible to assess the precise effect on 
work of those who do object to the noise. The 
diiEculty of concentration and the desire for 
the noise to cease are thought to combine so 
that work is performed hurriedly and with less 
attention to accuracy by these individuals. The 
increase iii fatigue and in general irritabihty 
must also be assumed to affect performance of 
duties. 

Influence of Ultrasonics 

During early experimentation on jet engines, 
the observation of tibe peculiar symptoms out- 
lined above, led many to believe that there 
might be very intense ultrasonic frequencies 
(those above 20,000 eps) included in the acous- 
tic enCTgy which were responsible for the ef- 
fects. A number of investigations were carried 
out to determine this point. It was decided ihat 
there is no reason to fear damage from ultra- 
sonic energy generated by jet engines for the 
folloiDing reasons: 

1. The ultrasonic frequencies projscnt in the 
vibration spectrum generated by jet engines are 
far less intense than are those within the sonie 
range. They seldom exceed 120 db at 20,000 
cps and fall off in intensity rapidly with incrrase 
in frequency. The noise spectra of the newer 
and more powerful engines tend to include pro- 
gressively less energy above the sonic range as 
they include more in the very low frequencies. 

2. Small, fur-bearing animals can be killed by 
exposure to ultrasound in the range of 150 db, 
but not by the lower intensities of ultrasound 
present in jet noise spectra, 



3. These small, furred animals absorb a fairly 
high proportion of ultrasonic energy, while ab- 
sorption of high-frequency energy by human 
skin is relatively very poor. The small animals 
are not able to dissipate the heat generated on 
absorption, while the human organism has an 
efficient heat-regulatory system. Therefore, even 
150 db of ultrasound would have little serious 
effect on a human. 

4. Experiments using pure tones of low 
frequency and bands of noise covering only the 
sonic range have shown that somatic and men- 
tal symptoms identical to those experienced on 
cxposiu'e to jet noise can be aroused by very 
high intensities of sonic energy. High intensity, 
rather than high frequency, is the problem. 

Rumors occasionally arise among men work- 
ing on jet aircraft to the effect that all personnel 
will suffer various dire consequences from ex- 
posure to "supersonics". The Flight Surgeon 
should keep the above points in mind and be 
prepared to ward off serious morale situations. 

PROTECTION AGAINST NOISE 

There are two approaches to the problem of 
protecting personnel against noise. First, is the 
reduction of noise at its source; secondly, the 
provision of personal protective measures. With 
reference to the first, the Flight Surgeon can 
and should keep himself informed of the noise 
situation on his base by frequent inspections of 
the flight line area. He can often make recom- 
mendations for moving aircraft farther from han- 
gars and placing them so that the worst noise 
is aimed away from inhabited areas during en- 
gine runups. In some cases he may be able to 
initiate changes in procedure which will result 
in fewer individuals being required to stay in 
the immediate vicinity of aircraft during run- 
ups. 1 he primary responsibility for attempts at 
reducing the noise, however, Ues with the air- 
craft designers and engineers, and with the 
architects who design new facilities for Air 
Force bases. 

The Fhght Surgeon is wholly responsible, on 
the other hand, for the provision of personal 
protective measures to individuals who must 
work in high noise levels. Such protective meas- 
ures are discussed on the following pages. 

Types of Protection 

Ear defenders available are of two general 
types — namely, those which are inserted into 
the ear canal (ear plugs), and those which are 
worn over the ear (headsets, helmets, and ear' 
muffs). Insert ear plugs range from wads of 
plain smgical cotton to plugs of dental acrylic 
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V-51R EAR PLUG 




Figure 6-7. Air Force Standard Stock- Listed items of 
Ear Protection 



or other plastic which, are molded to fit the in- 
dividual ear. The ciirrent Air Force issue de- 
fender is molded in a standard design known 
as the V-51R, It is made of neoprene or vinylite, 
and comes in three sizes. The related illustra- 
tion shows the standard stock-listed items of 
ear protection as approved in AFR 160-3, 

Standard headsets are fitted with one of the 
three types of ear cushions, the cloth and leather 
flying helmets with doughnut cushions; and the 
P-3 and P-4 crash helmets tend to provide ear 
protection against high feequency sound, but 
not against sound within the speech frequencies. 
Therefore, the items expressly developed for 
hearing protection (the V-51R earplug and the 
Straight- Away earmuff) are always to be pre- 
ferred wheii eilective attenuation of noise is of 
paramount concern. 

Protection Provided 

All types o£ defenders block out or attenuate 
noise of high frequency more effectively than 
lioise of low frequency. There is a fairly regu- 
lar increase in efficiency of the defenders with 
rise in frequency. The V-51R may attenuate as 
much as 15 or 20 db in the low frequencies 
and 40 db or more in the high frequencies. 
(See Figure 6-8.) The exact amount of protec- 
tion afforded by a specific defender will vary 
among individuals, being governed principally 
by how good a fit is obtained. It will vary for 
any one individual at different times depend- 



ing upon how carefully be has inserted the 
defender. Muffs now available to Air Force 
personnel are as effective as well-fitted ear 
plugs. They provide a convenient means of in- 
creasing the attenuation of dangerously high 
noise levels when they are worn in addition to 
insert plugs. 

Jet noise is almost as intense in the frequen- 
cies above 300 cps as it is below; it may fur- 
ther have a very intense high-frequency peak. 
Ear defenders worn in this noise are highly 
effective both in decreasing the unpleasant sub- 
jective effect and in lowering the over-all in- 
tensity reaching the tympanic membrane. 

There is a definite limitation to the degree of 
piotBetlon which can be afforded by defenders 
of the insert or headset type. This limit is im- 
posed by the fact that airborne sound, when it 
becomes sufficiently intense, initiates vibrations 
of the skull which are in turn carried to the 
eochka through the bone. They thus by-pass the 
outer and middle ears. The threshold for such 
transmission is high compared to that for air 
conduction of sound, but is well below the levels 
which are commonly encountered during air- 
craft operations. Therefore, although theoreti- 
cally a perfect ear plug might attenuate as much 
as 60 db, such a plug would not mean that an 
individual would be safe from trauma in noise 
levels of 140 db or higher. In such a noise, 
a very appreciable portion of the sound energy 
would reach the cochlea by bone. 

Effect on Perception of Speech) 

It is commonly assumed that an ear defender 
which is effective in cutting down the noise 
levels reaching the ear, will also render that 
ear incapable of adequately perceiving speech 
or other auditory signals. Paradoxical as it 
seems, such is not the case in the presence of 
high intensities of noise. At any time when the 
ambient noise level exceeds 85 or 90 db, spe(;ch 
of a given intensity can be perceived more 
clearly through ear defenders than without 
them. Further, a louder signal can be used, if 
desired, and will be perceived without the 
distortion and discomfort so commonly experi- 
enced in very noisy situations. 

A part of fbe explanation for this phenomenon 
lies in the fact that the car defender is atten- 
uating noise throughout the frequency spectrum, 
but only a relatively limited portion of the range 
is involved in transmitting the speech. In gener- 
al, however, it appears that the improvement 
brought about by ear defenders, which reduce 
both the noise in the speech range and the 
actual speech signals by same amount, is that 
at lower absolute values of signal strength, the 
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signal normally stands out definitely relative to 
the noise even though tihe signal-to-noise ratio is 
unchanged. The improvement again is relative- 
ly greater in a jet aircraft than in a convention- 
al airoraft sound field. Under conditions of ex- 
treme noise, however, signals cannot be dis- 
tinguished with or without defenders. 

Use of Defenders in Flight 

Insert ear plugs are particularly effective un- 
der flight conditions. They serve to attenuate 



the ambient noise in the coclqpit to a greater 
degree than can be accomplished by tte action 
of the headset alone. They further act to im- 
prove the clarity of the radio signals. Again, be- 
cause the speech frequency range is relatively 
Hmited, the defenders attenuate proportionately 
more of the static coming over the radio than 
they do of the speech signals. They therefore 
allow a signal which is less distorted and one 
which stands out better over the noise back- 
groimd. The volume control can be turned up, 
if desired, to permit a louder signal. 
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There is an operational limitation however, 
which malces it mandatory that any insert de- 
fender other than dry cotton be tried out with 
caution under flight conditions, and that none 
but cotton be worn under a close-fitting helmet. 
If a defender worn in the outer canal seals 
perfectly, there will be an air tight pocket in 
the cianal between it and the tympanic mem- 
brane. On ascent, the air in this pocket will 
expand and tend to equalize with the ambient 
pressure by pushing the plug out a bit and 
escaping around it. If the wearer then tightens 
the seal of the defender, he will again have an 
air i%ht poeket; but it will have a negative 
pressure on descent. The plug will tend to be 
sucked in, and discomfort or true vascular dam- 
age to the soft tissue of the canal may result. 

The term aerotitis externa is used to describe 
this condition. ExpetieiiiGe has shown that such 
pathology occurs very rarely. Yet, flight person- 
nel should be warned to watch for it, and to 
remove the defenders before or during descent 
if any discomfort is aroused. Under no circum^ 
stances should ear defenders he uoorn under 
safety helmets — full or partial pressure helmets. 

In the past it was recommended that a tiny 
perforation be made in the defender to allow 
for pressure equalization. Several commercial 
companies have manufactured plugs which em- 
body a perforation or a valve. Nevertheless, 
dependence upon such defenders is not recom- 
mended as the effectiveness of the perforations 
or valves is voided by the entrance of even the 
tiniest speck of dirt or cerumen. 

Use of Defenders During Group Operations 

Ear defenders should be made readily avail- 
able to all persons whose duties carry them 
near or on the flight line. These include not 
only the crews assigned to particular aircraft, 
but also the alert crews who service transient 
aircraft, the men who carry on repair work in 
the hangar but who must remove and reinstall 
equipment in the aircraft while other mainte- 
nance is going on (radio and radar men among 
others), fuel truck and tow- tug drivers, and 
others, Often overlooked when defenders are 
distributed are the air policemcm who are sta- 
tioned as guards for hours at a time at various 
points on the flight line. Noise levels exceed 
100 db much of the time in and near the 
hangars. 

The defenders should be worn by all men in 
the immediate vicinity of an operating aircraft, 
even though the en^es are only idling, Men 
working both inside and outside of the aircraft 
are included, and especially the man who main- 
tains outside contact with the pilot or engineer 



by intercom. The defenders should be worn by 
all within a wide area when engines are run to 
higher thaii idle power levels. This is importatit 
at a base where operations are almost constant, 
or during a maximum eifort operation. 

If only a few aircraft are operating from a 
base, men not qlose to the aircraft during run- 
ups will have time to recover between noise 
exposures, even if they choose not to wear 
defenders. The specific distances within which 
drfenders should be worn wrili vary with the 
type of aircraft and its position with respect to 
the individual. But no aircraft, either jet or con- 
ventional, is excluded here. 

For noise levels in excess of 135 db, and 
especially those in excess o£ 140 db, the protec- 
tion of a helmet or headset in addition to that 
of ear plugs should be added if possible. Such 
intensities are found in work positions around 
the B-47, B-52, B-58. the "Century Series" fight- 
ers, and especially near the tailpipe of any air- 
craft equipped with afterburners when the latter 
are in operation. Until, and even after, adequate 
helmets are provided, every effort should be 
made to minimize the duration of such expo- 
sures, and to allow an extended time period 
between such exposures for any one individual. 

Both flight and ground personnel who learn 
to wear ear defenders regularly find the annoy- 
ances formerly created by noise to be lessened 
or eliminated entirely. Speech is understood 
more easily. Temporary deafness, "fullness" of 
the ears, tinnitus, and diplacusis following ex- 
posures are minimized. Men whose hearing 
acuity has been depressed over a period of 
yesurs are found to show improvement in some 
cases; many others are able to slow or halt 
progression of a hearing impairment. If hearing 
has always been good, it may remain so despite 
exposure to increased intensities of noise. 

Men who once experienced excessive fatigue 
and irritability after working on or near jet 
engines all day, find themselves in relatively 
good physical and mental condition following 
such duties when they have protected their 
ears. Those who have suffered nausea, equili- 
brial disturbances, and other unusual symptoms 
do not do so when defenders are worn. 

From the point of view of worli output, ear 
defenders are highly successful As was noted, 
most men associated with aircraft develop a 
high subjective tolerance to noise; but during 
noise exposures which exc(;ed that tolerance, 
many experience a lowering of efficiency. Ear 
defenders attenuate the noise to a level which 
is again within their tolerance range. Whether 
or not the noise is then physiologically harm- 
less, it is psycliologically acceptable. Work out- 
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put is unimpaired either quantitatively or quali- 
tatively. A very few individuals will be found 
who, even with the best of current defenders, 
continue to experience ill effects from, noise. 

The Flight Surgeon must be continually on 
the alert to screen out and reassign the excep- 
tionally susceptible men. Whether the difficulty 
be a progressive hearing itnpairmeiit or one of 
the more vague feelirigs that can aflfect his 
efficiency on the job, and whether the man 
desires reassignrnent or wishes to "stick it out", 
it is mandatory in the best interests of the Aii' 
Force lihat he be removed to a more quiet 
environment. 

Indoctrination in Need for and Use of Defenders 

Although the need for and the effectiveness 
of ear defenders have been recognized in sci- 
entific circles for many years, it was not until 
jet aircraft were in fairly widespread opera- 
tion that the idea of ear protection was gener- 
ally accepted by men working in excessive 
noise. There remain numerous entire groups 
and many individuals within other groups, who 
are not aware nor convinced of the facts out- 
lined in the preceding pages. 

Various reasons for this situation are evident. 
The most pronounced is ignorance by super- 
visors and workers alike, of the need for and 
value of defenders. Inadequate knowledge on 
the part of airmen just how to handle defenders, 
poor fitting of those who have them, and unre- 
liable supply channels also are contributing 
factors. The Flight Surgeon must assess the sit- 
uation on his base and initiate a vigorous pro- 
gram of indoctrination designed to correct what- 
ever phase* may be faulty; 

His program will succeed more rapidly if 
he concentrates his initial efforts on the older 
and generally respected men. When the line 
chiefs and crew chiefs are convinced, it is an 
easy matter to persuade others to follow sfuit, 
including both airmen and officers. Many will 
then ask for defenders. 

Fitting men in fhe noise field of their aircrEift 
is an excellent method of demonstrating both 
the decreased annoyance, and the adequacy of 
speech perception by ear pings. Once a demand 
is aroused, however, it is better to carry out 
the fitting in the flight-line dispensary, or other 
place close to a source of water. This procedure 
will allow easy cleaning with soap and water, 
and returning to stock those defenders soiled 
during the fitting process. 

Somewhat over 98% of ears can be fitted 
adequately with one of the five, sizes of V-SIB 
design ear plug. It is essential that each ear of 
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each individual be fitted separately, as the two 
often require different sizes. There are a few 
individuals whose outer ear canals are either 
too small or too large for this type of ear plug; 
a few others have peculiar configurations of the 
outer ear which defy proper fit. All other pro- 
curable types should be tried for such pesrsons. 
Men suffering from ejctetnal otitis can use only 
dry cotton and headsets or helmets until the 
infection is cured. 

The accompanying illustration shows the 
proper method of inserting a V-51R defender. 
The pinna is drawn upward, outward, and back- 
ward with on(- hand, as it is prior to the intro- 
duction of a speculum. The tab of the defender 
is grasped between the tJiumb and forefinger of 
the opposite hand in such a manner that the 
tip of the forefinger covers the central cavity 
of the plug. The plug is then introduced into 
the external meatus and moved inward with a 
twisting motion until the outer rim rests snugly 
against the auricle. The tab is directed superior- 
ly as insertion begins but is rotated 90° pos- 
teriorly during the procedure. When the plug 
is properly seated, the long axis of the tab runs 
vertically. (As other and more effective de- 
fenders are developed and become available, 
the Flight Surgeon must make certain that those 
charged with fitting are trained in the proper 
use of each style.) 

With experience, each fitter will learn to rec- 
ognise when a proper fit is achieved. Ke will 
often find that a defender which is actually too 
small will be judged as too large by the wearer. 
A small plug enters sufficiently far to come in 




Figure 6-9. Proper Metirod of Inserting V-S1R Defender 
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contact with the more sensitive portion of the 
canal, and therefore is perceived as "too big". 
A proper fit is one in which the plug is large 
enough to seal the canal thoroughly yet not so 
large as to create true discomfort or pain. If 
this condition continues, the individual soon will 
become accustomed to the feel of the defender, 
even though he may not like it at first. 

To ensure effective utiHzation of the defend- 
ers, it is essential that each man be shown how 
to insert the plugs, hew to remove them, and 
how to care for them. Mechanics' hands are fre- 
quently covered with grease, fuel, and other 
contaminating agents. Further, many men's fin- 
gers are large, blunt, and have oiily very short 
naUs. Also, the external meatus is so far foi^vard 
under the tragus in some individuals as to make 
proper seating and removal of defenders par- 
ticularly difficult. In many of the latter cases, 
the insertion can be aided by the airman reach- 
ing over his head with the opposite hand and 
pulling the pinna up, back, and out, as is done 
by the fitter. Each man must practice in order 
to develop his own technique of handling the 
tiny plugs so that he can manage insertion and 
removal quickly, and prevent foreign matter 
from entering his canals. Washing the plugs 
daily with soap arid water is highly recom- 
mended. Cleanliness is very important if one of 
the several varieties of plugs consisting of cotton 
impregnated With vaseline or beeswax is to be 
used. AH current models of this type require 
softening to body temperature by kneading in 
the hands. They are then molded into the ear 
canal. Although some airmen can use such de- 
fenders effectively, men whose work requires 
that they come in contact with grease and fuel 
cannot do so safely. 



Supply of Ear Defenders 

The standard Air Force V-51R earplugs and 
carrying case are listed in Air Force supply 
catalogues under Class 6515 as follows: 

Stock Number 
6515-299-8287 
6515-664-7858 



6515-299-8290 
6515-299-8289 
6515-299-8288 
6515-664-7859 



Description Unit 
Case, earplug each 
Plug, ear. Noise pkg 
Protection, 
Extra Small, 24s 
Plug, ear. Noise pkg 
Protection, 
Small, 24s 
Plug, ear, Noise pkg 
Protection, 
Medium, 24s 
Plug, ear, Noise pkg 
Protection, 
Large, 24s 
Plug, ear. Noise pkg 
Protection, 
Extra Large, 24s 



The unit of order is: set, standard, and non- 
recoverable. Over a large group, proportionate 
Sizes percentage-wise usually are: 45% large, 
25% each for medium and small, and about 5% 
of extra small and extra large. With the five 
named sizes, 98% of the Air Force personnel 
who use ear defenders should receive adequate 
fittings. 

If the plugs are not available through Medical 
Supply, they may be purchased with local funds 
from the Mine Safety Appliance Company, 201 
North Braddock Avenue, Pittsburgh 8, Pennsyl- 



vania. 



Every effort should be made at each base to 
maintain a supply level sufficient for fitting new 
personnel as they are assigned, and for replac- 
ing defenders lost, torn, or misplaced. 
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Emergency Escape 
from Aircraft 



As aviation progressed, it became apparent 
that greater effort must be expended for safety 
devices used in escape from disabled aircraft. 
In 1920 a rule was established which required 
fliers to carry and use parachutes. This was the 
beginning of positive measures undertaken to 
increase the aircrew's chance of survival. Since 
then great strides have been made. 

Now we have entered the era of supersonic 
speeds and very high altitudes, thus greatly 
multiplying the problems of escape. The epoch- 
al jump from 40,200 feel made by Colonel Ran- 
dolph Lovelace, MC, 24 June 1943, served to 
reveal many of the dangers associated with 
bailout from extreme altitudes. Opening of the 
parachute at high altitude rendered the para- 
chutist unconscious and caused the loss of the 
glove from his left hand. When he regained 
consciousness, he was suffering from shock, a 
sprained back, and a frozen left hand. The tliin 
nylon glove remaining on his right hand was 
sufficient to protect it from frostbite. Oxygen 
was supplied by several H-2 bailout bottles dur- 
ing the descent. 

In July of the same year, Major P. J. Ritchie 
made a successful 32,000-foot emergency jump 
without oxygen by holding his breath during a 
long free fall. He pulled his ripcord only when 
he felt himself on the threshold of unconscious- 
ness and suffered injuries from severe opening 
shock at 27,000 feet. 

In 1944, a series of high altitude dvunmy drops 
provided information which showed that open- 
ing shock is greater at high altitude than near 



sea level. Not until the summer of 1950, how- 
ever, when a series of jumps were accomplished 
to demonstrate the feasibility of high altitude 
bailout, was reliable information obtained from 
42,000 feet down with recordings of pulse rate 
(ECG), respiration, skin temperature (nape of 
neck, dorsum of hands and feet), time, and 
altitude. 

At the other extreme and probably the great- 
est cause for loss of life is bailout at very low 
altitude. This and many other problems have 
yet to be completely answered. 

Parachute Equipment 

In the USAF today there are three basic 
parachute styles with ^eymteep difiEerent con- 
figurations (i.e. automatic seat, non-automatie 
seat, etc, ) which are currently being used. They 

are listed as follows; 

Back Style 50C7024-^j9-]^:i^-;3^:i4-15-16-17' '"^ 
Seat Style 50C7025-10-M-18-17'-'*''' 
Chest Style 50C7023ll^^8-9 ~ i 

The parachute canopies range from 28' to 30' 
in diameter. A 28-foot 1.1 ounce nylon canopy 
(C-8 and C-9), and new 30-foot canopies, re- 
ferred to as C-10 and C-11, are the two person- 
nel canopies now currently being used. C-10 
and C-II canopies are packed in quarter bags 
which are designed to house the bottom quarter 
of the parachute for high-speed bailouts, and 
also to greatly reduce parachute opening shock. 
These canopies have pockets on every other 
gore or panel, which help to reduce oscillation. 



AF MANUAL 161-1 



7-1 




Caution 

Certain performance limitations of para- 
chute canopies C-10 and C-11 under con- 
ditions of very low altitudes coupled with 
very low speed, forbids their use with liai- 
son or rotary-wing aircraft. T. O. (14D1- 
2-1) describes the harness adjustments nec- 
essary for individual fit. It is essential to 
tighten the leg straps on the harness being 
worn until it is uncomfortably snug in the 
crotch when standing upright. 



Figure 7-1. Class 111 Harness Assembly (Type B-4, 50 J 6BS8) 
wRh Back Pack (SO J 6876) 

This harness incorporates two canopy releases (arrows) 
and quick adjustable straps. 



Harnesses currently being used by the USAF 
are Class III and Class V. Class III, as il- 
lustrated, is intended to be a universal fit. 
This harness, constructed of lightweight, high- 
strength nylon webbing is readily adjusted with 
single friction lock adapters, and incorporates 
a quick canopy release lock on the shoulder 
straps. Back and seat pads are included in the 
assembly for greater comfort. When the back 
parachute is used it can accommodate an F-1, 
F-IA, or F-IB automatic parachute release as 
shown in the illustration. The Class V harness 
here illustrated, is the latest to be put into use, 
and is designed for a universal fit. Harnesses 
come in three styles: back, seat, and chest. 
They consist of sage green, lightweight, flexible 
nylon webbing framework which secures the 
parachute to the wearer. When the back pack 
configurations 50C7024 (^-12-13-14-15) are used, 
the latest atttranatic parachute release F-IA or 
F-IB is intaarpprated. The H-2 oxygen bailout 
bottle can also be installed and carried in the 
interior of the parachute pack. The pack is con- 
toured to fit the small of the back. 

When the seat pack configuration is used, 
50C702S, the oxygen bailout bottle is installed 
in the sea,t pad, and the F-1 A or F-IB auto- 
matic paraditite release may also be incorpo- 
rtitcd. The harness is equipped with one canopy 
release, except the chest style, which is 
equipped vnfti two canopy releases. Chest style 
pack 50C7023 may incorporate an F-IA or F-IB 
parachute release. 

The harness incorporates one parachute cano- 
py release and is equipped with quick adjust- 
able hardware, which enables the wearer to 
obtain an excellent quick fit in a minimum 
amount of time. 

1. Release — parachute riser (open position). 

2. Knob — arming for automatic parachute 
release. 

3. Keys (3 ea) for automatic lap belt. 

4. Snap, leg ejector type. 
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Figure 7-2. F-1 B Aulomalic Parachute RipcortI Release, in the 
Latest Back Type Parachute 50C7024 

The release consists of an anaeroid and time setting. An 
anaeroid setting of 14,000 feet will be maintained at all 
times. A one second time setting will be used when used 
in an ejection seat. For use in aircraft with conventional 
seats, a five second time setting will be used. 



5. Hook snap — for low altitude ejection. 

6. Ball (green apple) emergency oxygen 
bailout. 

7. Hose — emergency oxygen bailout. 

Several types of integrated harnesses are pres- 
ently under eonsideration and test. In general, 
these are harnesses designed to function both 
as parachute harness and improved crash-re- 
straint harness. Such harnesses allow parachute 
and survival kit to remain in the aircraft, and 
simphfy the operation of getting in and out of 
aircraft. 

The installation of some current survival kits 
in aircraft has resulted in 2 to 3 inches of ex- 
cess space between the permanent metal ejec- 
tion seat support shelf and the bottom of the 
parachute pack. As a result, the pilot supports 
the full weight of his parachute, which produces 
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aches and fatigue. To compensate for this dur- 
ing flights, various types of equipment have 
been used as fillers. 

When using miscellaneous fillers tlie possibil- 
ity exists of accumulating too much bulk. This 
could cause the wedging of the upper portion 
of the parachute pack with the bottom of the 
ejection seat headrest. The use of wooden blocks 
is also discouraged because the blocks could 
strike the pilot when seat separation occurs. 




Figure 7-4A. (Type I) 



Drawings have been released for the manu- 
facture of two types of support blocks which can 
be installed in all ejection seat type aircraft. 
The blocks, as illustrated, are constructed of 
light weight EnsoHte. Type I (drawing No. 
57E3549) consists of a solid block for use in 
B-47 and B-52 aircraft. Type II (drawing Nos. 
56B1173-74 and 56D1I75) is universal, and de- 
signed for installation in all other type ejection 
seats. It consists of three separate 1-inch blocks 
which can be snapped together to obtain the 
desired height. 




Figure 7-4B. (TypBll) 
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A preflight check of the pack and harness, 
according to T, O. No. 14D1-2-1, should precede 
every fliglit to give the wearer added coufidetice 
that his pack will open at the proper tjtfie. By 
regulation, tlie parachute is repacked every 
60 days and inspected every 10 days, but chutes 
may be repacked more often due to climatic 
conditions or hardiisage (T. O. No. 14DI-2-11). 
Great care of the parachute must be exercised 
by each individual for some day it may be his 
life insurance. The chute should always be car- 
ried by the leg straps or in place on the back. 
It should never be laid down with the pack 
next to the ground and it should be protected 
from add, oil, grease, water or long exposure 
to the Sun. 

Before making an emergency exit from an 
aircraft, one must be sure that the leg straps 
of the parachute are tight. For the most part, 
injuries incurred from opening shock can be 
eliminated by proper and careful fit of the har- 
ness. This factor alone will appreciably reduce 
sprains, dislocations and fractures of the back, 
arms, shoulders, and mandible. 

Escape from the Aircraft 

For the pilot flying at subsonic speeds, the 
problem of escape has been satisfactorily an- 
swered by open seat ejection. The seat is ejected 
from the aircraft in either an upward or a down- 
ward direction, by a pyrotechnic catapult of 
appropriate design. In general, subsonic jet air- 
craft with upward ejection seats are equipped 
with the M-5 catapult, imposing 15 G (Rate of 
onset, 110 G per second) and giving an upward 
velocity of 62 feet per second. 

AH downward seats use the M-4 catapult, 
imposing 9 G at 65 G per second. These cata- 
pults are sufficient to eject the aircrewman, even 
under acceleration caused by unnatural aircraft 
maneuver. The current trend is away from 
downward ejection escape systems. Gtwrenfly, 
several rocket-t\'pe ejection seat catapults are 
under development. This approach is necessi- 
tated by increasing problems of tail clearance 
in high speed aircraft and because of the desire 
to lower the minimum safe ejection altitude. 

High performance aircraft with upward ejec- 
tion seats are equipped with the longer stroke 
M-3, which imposes 18 G (115 G per second) 
and gives an upward velocity of 81 feet per 
second. 

The use of a rocket catapult permits higher 

ejection velocity without exceeding the maxi- 
mum permissible acceleration and "jolt", be- 
cause such catapults have no inherently limited 
"stroke length". 

""'The (^^i) protective helmet vn^ visor assem- 




jbly, as shown in the associated illustration, is 
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Figure 7-5. Picture Mosaic of a Pilot Being Ejuted from tite Rear Seat of a T-33 



equipped for use with AN/AIC-10 intercom 
system. Adapter, Type MX-1646/AIC, makes 
helmet compatible for use with the AN/AIC-8 
or other carbon mike type interphone systems. 
Helmet may also be equipped with MD-1 re- 
tention kit. Helmet provides added protection 
for the pilot against head injuries, windblast, 
and loss of his oxygen mask. Recent tests on 
dummies ejected from a high-speed, rocket- 
propelled sled at Mach 1.23 resulted in no loss 
or damage to the oxygen mask or equipment. 

Helmets should be worn with chin strap se- 
cured or oxygen mask hooked up until after 
parachute touchdown. Serious head injuries may 
result if this procedure is not followed. 

Proper fit of the helmet is essential for ade- 
quate protection and comfort. All helmets must 



be fitted individually, according to T. O. No, • 
14P3-4-1, 

At a given altitude, the frafGe eimrted by wind- 
blast on a given area iicreasesi as the sqtiare of 
the true airspeed. Windblast problems become 
acute beyond 500 knots IAS, and at 660 knots 
(Mach 1 at sea level) have become quite crit- 
ical. At this speed, windblast exerts over 9 psi, 
or a total of 3 /a tons over the surface of the 
body. This pressure is not, per se, injurious to 
tissue, but makes retention of personal equip- 
ment exceedingly difficult. It can cause extreme 
flailing of limbs and head, and hence, secondary 
injury. 

However, ejections at indicated air speeds 
above 500 knots are quite rare. In general, pilots 
utihzing currently standard Air Force equip- 
ment, and using it in the proper manner, can 
expect to bail out uninjured. 
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Figure 7-6. P-4B Helmet and Visor AsiemU} 

The cdlored srfierieal vlSOT will serve as sun glasses> but its main purpose 
is to secure t£e oxygen Inask dining liigh speed bailout. When not in use 
the visor may be pushed up and out of the way. 



During 1953 and 1954 a series of 17 success- 
ful live 6-47 downward ^'ectiojfr^eat bailfouts 
wfere made. Of the number made, 15 were at 
aii altitude of 10,000 feet, two from 45,200 feet, 
aid at speeds ranging from 200 to 423 knots. 
Clotinng wodtti bv the jumpers consisted of the 
Partial Pressrire {Uid MD-l^Exposur^ Sifiits, K-1, 
MB-3, and P3A Helmets, Jump Boots, ^afad Under 
Arm J!reservers. >^ 

Oi/ each ^sj^rtion^^e Wbj^efc was equipped 
with an ^gt/omatic parachute; an^n^tomfltic 
lapbelt. 

Clbpies of the complete downward election 
report -WADC Tejjhnical Note i 55-2^^ may 
be 'obtained fEom me Astia Document Services 
Center, ArlingW/ Hall Stajtion, Ajluigton \J2, 
Virginia. 

Aircraft not equipped with ejection seats, al- 
though not considered fast according to present- 
day standards, may develop situations where 
escape becomes difficult or impossible. This is 
obvious when sqanning the statistics for escape 
of bomber crews. Long distances from escape 
hatches, necessity to shift to the walk-around 
bottle, and centrifugal forces from spinning 
attitudes tend to decrease the crewmen's 
chances when attempting to escape. Excitement 
of the emergency increases oxygen utilization 
and will necessitate use of the walk-around bot- 



tle to reach escape hatches for certain crew 
members. 

Large aircraft out of control develop centri- 
fugal forces of such magnitude that donning 
parachutes, changing to walk-around bottles, 
and reaching escape hatches becomes difficult 
or impossible. At 2 G's movement is impaired, 
and at 3% G's a crew memb^ will find it 
impossible to move from his position. Escape 
under such conditions then, presents the prob- 
lem of familiarization of each crew member 
witb escape hatches, individual aircraft facili- 
ties, and competent training in procedure so 
that escape may be accomplished with a mini- 
mum of time and effort. 

An adequate warning system is essential to 
alert all crew members so that each can be pre- 
pared and know when to jump. The aircraft 
commander must be quick in making the deci- 
sion to jump at the earliest possible moment in 
order to avoid, as much as possible, the exces- 
sive G's which make escape impossible. He 
must divide responsibilities in order to main- 
tain the best possible mastery of the aircraft at 
all times. He alone is responsible for the pre- 
flight indoctrination of all persons aboard his 
aircraft, but each man must care for his own 
chute during flight. 
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High Altitude Bailout 

With increasing altitude, several problems of 
escape become more acute; 

1. Bailout oxygen supply. 

2. Cold exposure. 

3. Decompression. 

4. Parachute opening shock. 

Openiiig shock at 5^000 feet is 5 to 8 G's 
peak acceleration. The opening shock at high 
altitudes is heavier because the rate of opening 
of the parachute canopy is faster, and the 
terminal velocity of the individual is greater. 
The rate of opening of the parachute canopy 
is much faster because the lighter air at high 
altitudes oflFers less resistance to the expanding 
skirt of the canopy which allows complete de- 
ployment in a very short period of time. In ad- 
dition, the inertia of the mass of air entrapped 
in the parachute as it opens at high altitudes 
is much less than at low altitudes and, therefore, 
is less effective in producing deceleration of 
the individual in the initial deployment stages 
of the parachute. 

The effects of increased terminal velocity are 
obvious since this is actually doubled at altitudes 
of 40,000 feet as compared to sea level. The 
increased terminal velocity as one ascends in- 
creases &e magnitude of deceleration at higher 



altitude. Higher terminal velocity will increase 
as air density decreases approximately as 
follows; 

40,000 feet terminal velocity, 243 mph, 
30,000 feet terminal velocity, 196 mph, 
10,000 feet terminal velocity, 140 mph, 
S.L. feet terminal velocity, 120 mph. 

The problems of escape at high altitude vir- 
tually dictate that the aircreWman free-fall to 
below 13,000 feet before his parachute is de- 
ployed. Seat separation, free fall, and chute 
deployment are accomplished by a group of 
automatic devices. An automatic lap belt ini- 
tiator is fired after a 1- or 2-second delay, which 
allows the man to separate from his seat and 
also arms his parachute opening timer. The 
timer automatically deploys the personnel chute 
after an arbitrary delay. A barornetric override 
prevents automatic chute deployment above 
14,000 feet. The automatic devices described 
are quite dependable, and have saved the lives 
of many airmen. 

The free-fall technique of high altitude ejec- 
tion seat escape becomes less satisfactory at alti- 
tudes above 40,000 feet, because at these alti- 
tudes dangerous rates of spin are sometimes 
encountered. However, use of this technique 
and relying on the parachute timer, offers iJie 
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Figure 7-7. Opening Shock cf 24 and 2i Foot Parachutes at Various Altitudes attlie Terminal 
Velocity d1 the AvsraEa Crewman 
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greatest chance of safety which, of course, 
malces it the method of choice. 

To combat hypoxia the standard bailout aid 
used in the USAF is a sinall, high-pressure 
oxygen bottle {H-2), as shown in Figure 7-8, 
which carries a pressure of 1,800 psi. Pilots of 
fighter-type aircraft should carry the bailout 
bottle on all flights above 20,000 feet since this 
is their only source of emergency oxygen. All 
crew members should carry the bailout bottle 
on flights above 25,000 feet to provide oxygen 
in case of bailout. This bottle is located on the 
leg or parachute, and is attached to the oxygen 
mask with a hose and bayonet fitting. It will 
supply a continuous flow of oxygen for approxi- 
mately ten minutes. 

The flow rates (at 25° C, 760 mm Hg) will 
vary from ten Kters/min. during the first min- 
ute to one liter/min. at the end of the ten 
minute period. Free fall descents from a maxi- 
mum altitude of 40,000 feet can be accomplished 
when using the type A-14A oxygen mask. Even 
from this altitude, the bailout bottle is not 
expected to supply oxygen for a long open 
parachute descent, but is intended to carry the 
free-falling parachutist to lower, denser alti- 
tudes safely and without danger of unconscious- 
ness from hypoxia. Altitudes above this may re- 
quire bottles of larger capacity to supply the 
oxygen under pressure to the high altitude pres- 
sure suit and mask. Fighter pilots bailing out 
mast actuate tie valve of the bailout holtle, 
disconnect the oxygen mask hose, release the 
canopy, and fire the ejection seat. 

The H-2 bailout bottle has proved to be a 
satisfactory supply of emergency oxygen. Since 
the cylinder is uncomfortable when strapped to 
the leg and may be lost during parachute open- 
ing shock, it is expected that in the future all 
cylinders wiU be attached to the parachute pack, 
as shown (Figure 7-8). In escaping from over 
20,000 feet the oxygen contained in the bailout 
bottle would probably be insufiScient for some 
crewmen of bombers to reach escape hatches, 
open them, and also provide for the increased 
katabolism from excitement. Crew members in 
such positions should use the walk-around bot- 
tle (Figure 7-9) to reach the escape hatch and 
then transfer to the bailout bottle. 

Pilots should attempt to descend to safer 
altitudes for bailout if the emergency is not 
immediate. In fighter- type aircraft, loss of ef- 
fective control at sonic speeds may be critical 
and, because of the rapid disintegration of the 
aircraft, immediate bailout may be life-saving. 
Even at altitudes of 60,000 feet or above, it 
would appear safer to bail out wearing a par- 
tial pressure suit and an oxygen supply than 



attempt a descent to lower altitudes. Although 
no attempts to bail out from altitudes as Mgh as 
this are on record in the USAF the probability 

of successful escape is good. 

A body falling freely through space is not un- 
duly influenced by the cold wind blast. The ex- 
tremely low temperatures at high altitudes af- 
fect the parachutist for such a short time that 
he need not fear frostbite. During a free-fall, the 
individual may experience some degree of frost- 
bite unless all parts of the body are fully cov- 
ered with clothing approaching 2 "clo" value. 
(For definition of "clo" units, refer to the de- 
scription of protective clothing in "Effects of 
Temperature.") However, these low tempera- 
tures do become a real hazard when an open 
parachute descent from 30,000 feet or above is 
attempted. This hazard adds still another rea- 
son why persons attempting to bail out from 
high altitudes must free-fall to lower, denser 
levels where the atmosphere is more dense and 
warmer before deploying the canopy. Terminal 
velocity will be less and, consequently, there 
will be less opening shock; frostbite and hypox- 
ia, will no longer be a problem. 

Separation from the Seal and 
Parachute Opening 

One of the first considerations after being 
ejected into the slipstream is separation from 
the seat. It is advisable for the subject to release 
his safety belt and shoulder harness and kick 
clear from the seat as soon as possible after 
ejection. There are reports on record in which 
the pilot ejected himself from the plane but 
was still fastened in the seat by the safety belt 
at the time it crashed into the ground. In these 
cases the seat chute failed to deploy when the 
ripcord was pulled because of the restriction 
imposed by the seat. 

It is not advisable to unfasten the lap belt 
before ejecting except in emergencies below 
2,000 feet, and then only when equipped with 
a nonautotnatic belt. When the automatic belt 
is used, never release unless a malfunction 
occurs. When the seat leaves the aircraft the 
lap belt initiator is armed and, depending on 
the type of initiator used (one or two seconds), 
the lap belt is blown apart. In the event of a 
malfunction, the belt may be manually openedi 
Hfmemr, if this occurs, the automatic para- 
chute release tsiU have to be operated fnanually. 

When the F-I, F-IA, or F-IB automatic para- 
chute release is installed in the parachute pack, 
one need have no fear of delayed opening or 
entanglement of the chute on the aircraft struc- 
ture. These two factors are responsible for a 
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large percentage of fatalities in. escape from air- 
craft. The automatic parachute release aneroid 
will be set at 14,000 feet and the time setting 
will be either 1 or 2 seconds when used with 
an automatic lap belt. When used in a nonejec- 
tion seat aircraft, the time setting will be 5 
seconds. This will provide a sufficient time in- 
terval to avoid the aircraft and to approach 
terminal velocity. The automatic release can be 
overridden in an emergency, but under no cir- 
cumstances should the chute be operated be- 
fore a 1-second delay. 

When manual release is required and a long 
free fall necessary, the best altitude for opening 
the chute is 5,000 feet. At tliis elevation the 
earth beeonoies green, details can be seen, the 
horizon spreads rapidly and the ground begins 
to rush up to meet the parachutist. This altitude 
can be estimated with greater facility and gives 
the jumper good clearance, warmer air and suf- 
ficient oxygen. 

However, it should be pointed out that this 
altitude may be difficult to judge over water or 
desert terrain. With the aid of the F-1, F-IA 
or F-IB, there Is no reason for opening the chute 
at high altitude and very Httle reason to use 
the manual release. 

When it is necessary to puU the ripcord 
manually, the jumper should first look at the 
"D" ring. If a back or seat style parachute is 
being used, hook the thumb of the left hand iu 
the ring and rotate assembly outward from the 
body. Keach over with the right hand and 
grasp the ring and with both hands, pull away 
from your body hard and fast. 

Try to pull the ripcord cable free of the 
housing. When a chest type parachute is used, 
hold the bottom of the pack with your left hand. 
Grasp the rip cord handle with your right hand 
and pull with a hard, fast yank. 

When using an automatic parachute release! 
( F-IA or F-IB ) with ah ejection seat, but with- 
out an automatic lap belt, make Certain to clear 
the seat before pulling the automatic parachute 
arming knob, or the parachute "D" ring. 

When making a nonejection bailout, wait 
until you are clear of the aircraft before pulling 
the automatic parachute arming knob or rip 
cord. 

Low Altitude Escape 

The great majority of fatal ejection attempts 
are from low rather than very high altitudes. 
In an attempt to lower the minimum safe ejec- 
tion altitude, a timing system has been devel- 
oped which causes immediate chute deploy- 
ment when the pilot leaves the seat. This is 
called the one and zero system, meaning seat 
separation one second after ejection and chute 



deployment at that time. This system has been 
found to give actual ground level escape capa- 
bility, using certain catapults and traveling above 
a certain airspeed. 

This is accomplished by a very simple ar- 
rangement. Wliile flying at altitudes below 300 
feet, the lanyard, which ordinarily arms the tim- 
er ^vhen the pilot leaves the seat, is snapped 
directly into the "D" Ring. 

Capsule Election 

The Handbook of Information for Aircraft 
Designers (HIAD) specifies that any aircraft 
flying above 50,000 feet or above 600 knots IAS 
must provide an enclosed escape system, or 
capsule. Escape capsules, assuming that they can 
be made suitably stable, will solve such prob- 
lems as windblast, cold, and low pressure, and 
will greatly extend escape capabiHties. Several 
types of capsule are under development, under 
the supervision of the Aircraft Laboratory, 
WADC, and several models have reached the 
stage of actual supersonic ejection tests from 
track facilities. 

Landings 

The following fundamental instructions for 
landing must be remembered in order to avoid 
injury. 

NOHMAL LANDINGS (lANd) 

1. Reach above your head as far as you com- 
fortably can at 1000 feet. Grasp both right risers 
in your right hand, both left risers in your left 
hand. Or make your body turn if required. 

2. Watch the ground at a 45° angle. Don't 
look straight down, because you can't judge dis- 
tance from this viewing position. 

3. Put your feet tightly together, bend your 
knees slightly, and point your toes so that you 
will land on the balls of your feet. 

4. Relax. Prepare to land by letting yourself 
go limp. Younger children are rarely hvat in falls 
because they are limp. So follow their example 
and — be limp. 

5. If your body turn was right, you will land 
drifting obliquely. Pull down on the risers at 
the moment of impact. Take the fall by collaps- 
ing the way the parachute wants to take you. 
Don't fight it. Just go limp. 

6. The proper sequences for landing the 
right way are: 

On the balls of the feet. 

On the side of one leg. 

On the thigh. 

On the hip. 

On the trunk. 

And last, on one shoulder. 
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NOTE 

Don't over anticipate landing. Relax and 
wait for it; look down at an angle of 45° — not 
straight down. 

Landing in high winds ( land) 

1. If the wind is strong, carry out all pro- 
cedures for normal landing, particularly the 
body turn to face obliquely down -wind. 

2. With a Class 111 and V Harness: Landing 
procedure is normal. After you finish the landing 
fall, operate bine or bofb canopy releases as 
quickly as possible. The canopy wiU disconnect 
and drift away. 

3. In Emergencies. If you can't follow the 
procedures above, collapse the canopy. This is 
done by pulling in the suspension lines nearest 
the ground hand over hand. Keep pulling until 
you get to the sMrt of the canopy, and continue 
pulling in canopy material untfl the canopy col- 
lapses. 

Landings in trkes 

These landings are usually the easiest of all. 
If you are going to land in trees, forget the 
risers. Cross your arms in front of your face. 
Bury your face in the crook of an elbow. Keep 
feet and knees together. Don't be in a hurry 
to get down after you stop. More men have 
been hurt trying to climb down than in actually 
jumping. If you can, wait for rescue, If you 
can't, try to make a rope from the risers and 
suspension lines of the parachute. 

Night landings (land) 

Prepare for a normal landing as soon as the 
parachute has opened if the night is dark. Be 
prepared for contact at any time. Surprisingly, 
statistics show that fewer men are injured in 
night jumps than in day jumps. The reason 
seems to be simply that landing is a surprise, 
and men don't tens© up for what isn't expected. 

Landing in telephone and power wires 

These wires aa*e usually quite high above the 
ground and several feet apart. Put your hands 
over your head, pakns flat against the inside of 
the front risers. Keep your feet and knees to- 
geflier, toes pointed to avoid straddling a line. 

Water landing (day) 

Whether the wind is high or low, the proce- 
dures for water landings are the same. While 
knowing how to swim is a comforting assurance, 
it will not be necessary to expend this extra 
energy if you're properly equipped and trained. 

When utilizing the present parachute harness 
with the B-4 Life Vest, or the MA-2 Underarm 
Preserver with quick release type raft survival 
kit, the outlined step-by-step procedure will 
be followed immediately after parachute 
opening. 



Step I. Loosen, but do not unfasten harness 
chest strap. If iMA-2. preservers are used, chest 
strap need not be loosenedt 

Step 2. At approximately 14,000 feet or un- 
der, open the container and inflate the raft im- 
mediately. Grasp the bailout zipper tab and pull 
shajply to the user's right, thereby pulling the 
slider from the fastener and effecting the fas- 
tener release. A continued pull will inflate 
the life raft and display the contents. 

Step 3. Inflate both cells of the preserver. 

There have been reported cases' where per- 
sonnel have waited until the last moment, or 
after entry into the water before operating their 
life preserver and life raft. As a result they be- 
came entangled in the parachute shroud lines 
and were unable to operate the equipment 
properly. Early inflation attempts will allow the 
jumper time to use the oral inflation tubes in- 
stalled on tibe preserver and on the raft, in the 
event equipment fails to inflate. 

Step 4, When nearing the water look or feel 
to malce certain that the canopy safety clips 
are not already open. If safety clip or clips are 
open (which is possible but not probable), leave 
them alone. 

If safety clips are not open, open them. 

Put your right hand on the right canopy re- 
lease, and y&wc left hand on the left canopy 
release. When your feet touch the water — not 
before — operate both releases quickly. The can- 
opy will drift away. One release on either side 
will deflate the canopy. This step takes prece- 
dence over any others when the feet contact 
the water. 

Step 5. Entry into Ufe raft should be made 
from the small end. 

Step 6. Removal of parachute harness in 
water is unnecessary and prolongs time in the 
water. 

Water landings (night) 

Distance above water surfaces is hard to 
judge even under good conditions. At night, it 
i.s practically impossible to be accurate. In 
overwater bailouts at night, therefore, prepare 
for landing as soon as the canopjr is open. Do 
not delay. Procedures are the same as for day 
landings. 

NOTE 

In any water landing altitude is hard to judge. 
Don't start release of canopy until your feet 
touch water, no matter how close you think you 
are. Jumpers reportedly have released from 
harnesses expecting immediate water impact, 
but were as high as 100 feet afeooe the surface. 
Wait until your feet are wet. 
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Wearing the proper footgear is of great ad- 
vantage in preventing foot and ankle injuries 
during landings. A jump-type boot aiffords sup- 
port to the foot and ankle, This type of boot 
for all flying missions, other than regular passen- 
ger runs, is advisable. Low-quarter shoes are 
frequently lost because of windblast or during 
parachute opening shock, and do not provide 
proper ankle support upon landing. Further- 
more, these shoes are not suitable for extended 
hflctog m \f«uld be i-equiked during an escape 
and evasion return trek to a jumper's base. 

Analysis of Injuries 

Statistics disclose the fact that relatively few 
injuries or fatalities incurred in parachute jumps 
are sustained by trained parachutists. This be- 
comes particularly important when the hazards 
involved in landing are considered. Over the 
past four years, poor landing technique ac- 
counted for 60% of the nonfatal injuries result- 
ing fyom emergency bailouts. It is imperative 
that everyone making frequent aerial flights be- 
come familiar with the bailout procedures and 
techniques, especially those pertaining to the 
landing. This infocpjation wiU aid in decreasing 
tbe number of injuries ineun'ed during emer- 
gency bailouts. 

Many hazards associated with emergencies 
in flight, such as ice, water, fire, eJtplosiens, fly- 
ing debris, and toxic gases, increase the dif^ 
Acuities of escape. Even with the best devices 
and equipment for emergency escape, a certain 
number of injuries and fatalities may still be 
expected. Nevertheless, the development of 
facilities for escape during emergencies has 
paralleled the increases made in speed and alti- 
tude. It is encouraging to realisie (3iat the nutti- 
ber of fatalities have decreased by a consider- 
able degree. From July 1943 to July 1944, the 
Strategic Air Commaad da. Siirope had 18% 
fatalities in emergency escape from disabled 
aircraft. With the advent of jet aircraft there 
was only one survivor after many attempts to 
escape prior to the use of the ejection seats. 

Many of tibe easualiles were a result of bail- 
outs at too low an altitude. This still is the 
greatest single cause of death in emergency 
bailouts. However, with the now added runway 
capabilities, it is hoped this wiU help alleviate 
the problem. 

Before takeoff the pilot inserts the automatic 
parachute lap belt key into the seat belt, in 



accordance with standard procedures. The snap 
ring is then attached to the parachute "D" ring. 
Upon reaching a rejasonable flight altitude 
(established by the local commander), the snap 
ring will be disengaged. No further action is 
neeessary since fSie autoinatic pai-aehute release 
arming knob is never disengaged from attach- 
ment to the seat belt. Prior to landing and 
during low altitude flights, the pilot again at- 
taches the snap hook to the "D" ring. 

A series of teists with this latest configuration 
were conducted at Wright-Patterson Air Force 
Base, Ohio. Dummies were used at speeds rang- 
ing up through 150 knofs at 0 (zero) altitude. 
As a result of these tests, present-day aircraft 
are now being equipped with this or similar 
systans. 

Summary 

Keep the following points in mind for escape 
from disabled aircraft: 

1. Care for the chute at all times. 

2. Wear the chute while in the aircraft. 

3. Check harness fit and preflight of the chuiie. 

4. Know what a canopy release is, how it oyiSf- 
ates, and when to use it. 

5. Check the oxygen present in waUc-arsa^ 
and bailout bottles. 

e: Adjust Ae hchnet fit. 

7. Do not hesitate once the decision for bail- 
out is made. 

8. Clear the aircraft ©r ejection seat beft»e 
pulling the ripcord or automatic parachute re- 
lease arming knob. (Whenever possible, delay 
at least one second.) 

9. Wait until terminal velocity is reached, if 
pbsisible, before pulling ripcord. 

10. Free-fall to a lower, warm®-, mi. denser 
altitude. 

11. Separate from the seat as qiaM&y as possi- 
ble when using the ejection seat. 

12. Practice bailout procedure and become fa- 
miliar witib escape exits. 

13. Know the attitudes of the body for firing 
the ejection seat, exiting through escape hatches, 
opening shock, and landing. 

14. When an over-water bailout is performed 
and after the parachute canopy is deployed, if 
at 14,000 feet or below, inflate life raft and 
life preservers immediately. If CO2 charge 
should fail this will give the jumper adequate 
time to orally inflate equipment. 
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Drugs and the flyer 



There are few, if any, drugs which are iKJt 
of importance in relation to fiying duty, and 
particularly to a pilot. The use of drugs by fly- 
hlg personnel usually becomes a problem when 
adequate medical administrative control is not 
exercised by the Flight Surgeon or when air- 
men have not received adequate medical in- 
doctrination. It is the Flight Surgeon's responsi- 
bility to take the neeessary steps to see that no 
one flies as an aircrew member while under 
medication which might impair flying efficiency. 

The Flight Surgeon must keep well informed 
on all drugs, particularly newly accepted ones, 
so that no medication will be prescribed which 
might compromise flying safety. Individual sus- 
ceptibility to drugs in general Htiust always be 
considered. The Flight Surgeon is responsible 
for the proper medical indoctrination of airmen 
with respect to drugs. He must continuously see 
to it that his airmen perform flying duty only 
when in good physical condition and under no 
adverse influences. He must make them realize 
the dangers of using certain drugs when flying 
and the danger of self-medication of drugs. 

When new drugs receive popular acclaim in 
various periodicals, it becomes necessary for 
the Flight Surgeon to see that flie flying per- 
sonnel are thoroughly indoctrinated in respect 
to these drugs. This is particularly true of 
new medications containing depressants, some 
of the more powerful analeptics, the antihista- 
mines, the atropifle-lfke compounds, and otiier 
drugs afiFecting the psychomotor and sensory 
fuctions. 

Among drugs used in self-medication, indis- 
criminate use of antihi.staminics may be partic- 
ularly dangerous. A marked individual response 



is shown to antihistamlnics, varying from no 
effect in some individuals to drowsiness, and 
even severe depression, in others. These drugs 
depress the vestibular apparatus and decrease 
depth perception, thus creating a great hazard 
to personnel attempting to fly while using them. 

Nasal decongestants should also be adminis- 
tered carefully. Due to the marked absorptive 
power of the nasal mucosa, tachycardia and 
nervous states, including tremors and incoordi- 
nation, may occin" if nasal decongestants are 
used indiscriminately. Mydriasis may also be 
cansed by these drugs, and again a hazardous 
situation is present. Of this gioup of nasal 
decongestants, privine is the most dangerous, 
Occasionally, care must be exercised in the use 
of certain drugs for prophylactic purposes, 
which may be considered harmless in smaller 
dosages. 

Prophylactic drugs, such as the anti-malarials, 
frequently cause visual difficulties. Quinine and 
other drugs of the cinchona group frequently 
cause tinnitus and deafness in relatively small 
doses, the latter being an individual response 
to the drug. The use of atropine-Iike substances 
such as hyoscine, which is frequently found in 
preparations used to treat the common cold 
and is also the main ingredient of some air sick- 
ness pills, and banthine, used in ulcer symp- 
toms, will cause sufficient mydriasis and cy- 
doplegia to be dangerous. 

One of the most important group of drugs 
in medicine is the antibiotic group. There is 
frequently a tendency to use them indiscrim- 
inately. Of iliese, two may be very dangerous 
to flying personnel — namely, sh-eptomycin and 
dihydrostreptomycin. Both of these drugs may 
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cause permanent hearing and vestibular dam- 
age, but dihydrostreptomycin does not give a 
warning of dizziness as does streptomycin. It is 
strongly recommended that neither of these 
drugs be given to flying personnel when an- 
other drug will do the job. If used, as for ex- 
ample against H. Influenzae, thorough hearing 
and vestibular testing should be done before 
starting therapy and weekly during the ther- 
apy. The drug should be stopped immediately 
if any decrease in function occurs, unless the 
drug is necessary to save life. 

Chloromycetin has been shown to have an 
adverse efiect on the hemopoietic system. It 
may Occasionally cause aplastic anemia. Be- 
cause of this action on the hemopoietic system, 
it may decrease the oxygen transport, and thus 
its use should be carefully controlled to flying 
personnel. 

Various other drugs tend to decrease toler- 
ance to hypoxia. APC's, Bromo-Seltzer and 
Alka-Seltzer, taken in large amounts or too 
frequently, tend to cause the formation of met- 
hemoglobin, as do acetanilid and phenacetin. 

Special consideration must also be given 
certain dfugs which may be used in air evac- 
uation. Since more and more battle casualties 
and other patients are being transported by air, 
it becomes necessary for the Flight Surgeon to 
evaluate the use of drugs in flight which would 
not ordinarily be used by him on flying per- 
sonnel. For analf^esia during flight, it is fairly 
obvious that morphine, due to its respiratory 
depression, should be very carefully controlled, 
if used at all. 

The synthetic drugs of that group, such as 
Demerol, Methadone, or Dromoran, have less 
effect on respiration. For sedation, the barbit- 
urates should not be used in too large doses, 
since they may cause a stage of anesthesia d(.;cp 
enough to depress the respiratory center. Chlo- 
ral hydrate is not advocated, since it has both 



a respiratory and a cardiac depression asso- 
ciated vdtii its use. Of the sedatives, paralde- 
hyde is probably the best, having no depression 
of either respiration or heart function. 

The factors which most frequently modify 
the action of drugs in flight are hypoxia and 
fatigue. A brief discussion foUows on drugs in 
these categories. 

Drugs Which Itlcreose Tolerance to 
Hypoxia 

Drugs which increase the partial pressure of 
oxygen in alveolar air diminish the oxygen re- 
quirement of the organism, or act as respiratory 
stimulants may increase tolerance to hypoxia. 
Such drugs are ammonium chloride, glucose, 
and analeptics. 

Anunonium Chloride 

It has been demonstrated that 10 to 20 gm 
of ammonium chloride a day for 3 days will 
increase the arterial oxygen saturation about 
10% at 18,000 feet. This results in improved 
performance and a smaller acceleration of the 
pulse than expected. The probable mechanism 
of action is explained by an increase in the 
exhalation of carbon dioxide with a resulting 
increase in alveolar oxygen tension. It may be 
due to a slight shift in the acid-base balance 
with a resulting change in oxyhemoglobin for- 
mation and dissociation. Unfortunately, such 
doses of ammonium chloride often produce gas- 
trointestinal irritation. 

Glucose 

Visual and psychomotor tests in humans sug- 
gest that the ingestion of glucose improves 
performance at altitude. There is some evi- 
dence that a low blood sugar interferes with 
oxygenation of the central nervous system so 
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that a mild lack of oxygen may produce symp- 
toms which would not occur with normal blood 
sugar. The higher alveolar respiratory quoUeiit 
on a carbohydrate diet also plays a role in de- 
creasing the alveolar carbon dioxide tension. 
These facts would seem to justify the ingestion 
of foods rich in carbohydrate, immediately be- 
fore a hi^ altitude mission. 

Analeptics 

Under conditions of hypoxia, benzedrine 10 
mg, pervitin (methedrin) 5 mg, dexedrine 5 
mg, or caffeine sodium benzoate 500 mg im- 
prove psychomotor performanGe. There is some 
evidence that benzedrine is superior to caffeine 
for tliis purpose. However, a great deal of evi- 
dence shows that benzedrine or dexedrine in 
therapeutic doses adversely affect one's judg- 
ment. Every precaution should be used when 
it is administered to flying personnel. 

Drugs Alleged to Reduce 
Totericince to Hypoxia 

If the administi-ation of sulfonamides results 
in an anemia or methemoglobinemia, or if the 
subject is abnormally susceptible, there is no 
doubt that tolerance to hypoxia is reduced. 
Otherwise, there is evidence that, of the sulfo- 
namides, only sulfanilamide in moderate doses 
diminishes tolerance to hypoxia. From experi- 
ments at sea level there is evidence diat sulfa- 
nilamide should not be used when doing exact- 
ing or strenuous work. Depth perception and 
phorias may be adversely affected by sulfathia- 
zole or sulfadiazine. 

There seems to be no significant e{fect on 
staring and vl^ance, dark adaptation, mental 
efEciency, or eye-hand coordination. There are 
also no effects on various intellectual and psy- 
chomotor functions under hypoxic conditions, 
or the ability to perform exhausting work, The 
occasional abnormal toxic response to the sulfo- 
namides may be aggravated by conditions of 
flight and may be more dangerous because of 
the exacting demands of the situation. 

Drugs for Airsickness 

Most airsickness drugs fall into tliree cate- 
gories — namely, parasympathetifc depressants, 
central nervous system depressants, or antihis- 
taminics. Some drugs effective against one type 
of motion sickness are generally, though not 
necessarily, effective against the other types as 
well. Insofar as can be determined, there is 
good correlation between the effectiveness of 
drugs against the sickness produced by various 



types of motion. To be useful in flying person- 
nel, a drug should diminish the incidence of 
airsickness; not impair the capacity to perform 
duties; not be toxic, habit forming, or cause 
disagreeable .symptoms. Also, it should be ac- 
tive in a reasonably short time after oral ad- 
ministration. 

Depression of the central nervous system 
renders the barbiturates of doubtful value for 
flying persoTonel. Indeed, in experiments on the 
swing and in seasickness they have not been 
shown to be particularly effective nor do they 
seem to contribute to the beneficial effects of 
other drugs when used for motion sickness. 
Those studied include phenobarbital, barbital, 
amytal, and pentobarbital. However, the Army 
motion sickness preventive, containing sodium 
amjd:al, hyoscine, and atropine, is effective in 
swing sickness, seasickness, and airsickness. 
Whether this is due entirely to its content of 
hyoscine and atropine has not been demon- 
strated. 

Of the numerous compounds and mixtures 
tested, members of the atropine series have 
shown the most substantial protection against 
airsickness. Because of the high degree of pro- 
tection and low incidence of side effects, scopo- 
lamine has been the most widely used of the 
anti-motion sickness drugs. 

In 1949 the report of Gay and Carliner on 
the effectiveness of dramamine in seasickness 
stimulated considerable interest in the use of 
antihistamines for motion sickness. Yet, subse- 
quent tests showed scopolamine to be still more 
effective than either dramamine or benadryl. 
Since the pharmacological properties of bena- 
dryl and scopolamine are not identical, how- 
ever, a mixture of these two drugs was tested. 
Hyoscine hydrobromide {0.65 mg) was mixed 
with benadryl (50 mg). Greater protection was 
shown with the mixture than with scopolamine 
alone. A preparation containing half of these 
components was tested and found to be as 
effective as the full dose of hyoscine alone, with 
fewer side effects. Good protection has been 
afforded by the following preparations, in addi- 
tion to those already mentioned: phenergan, 
trimeton, marezinej pyrrolazote, and bonamine. 

The School of Aerospace Medicine has car- 
ried out a very extensive program of testing the 
various drugs for their effectiveness in control- 
ling motion sickness. Of the conventional drugs, 
such as marezine, dramamine, bonamine, phe- 
nergan, etc., there is little statistical difference 
in their effectiveness. The actual choice of 
drugs to be used is dependent almost entirely 
upon individual differences in the response of 
the patient to the drugs. 
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None of the drugs mentioned above have 
been demonsfrafed to he safe for use by air- 
crew members. However, on occasion, they 
may be used in the early training period of 
cadets and officers training in grade, provided 
the student is not in primary control of the air- 
craft. The use of these drugs, therefore, will be 
limited to dual instruction periods and will be 
carefully controlled by the Flight Surgeon. Ex- 
treme care must be taken with regard to pre- 
liminary testing in order to avoid unusual 
reactions which may occur as a result of hyper- 
tensivity of the individual. In addition, the 
instructor pilot must be properly notified and 
indoctrinated concerning the use of the airsick- 
ness preventive by the student. 

The use of the drags should never be pro- 
longed but should be limited to a relatively 
short training period, as a means of supporting 
the individual during a period of three or four 
weeks when he is developing a resistance to 
the efiFects of motion. The Flight Surgeon must 
take particular care in assuring that proper con- 
trol of the use of these drugs is enforced and 
tiiat unauthorized use of ffaem by the student is 
prevented. 



Drugs for Fatigue 

Men may postpone sleep and fatigue and 
remain alert for many Hours longer than they 

would normally if they receive dexedrine at 
appropriate intervals. Ordinarily, the dose is 2.5 
mgm of dexedrine sulfate repeated not more 
frequently than every 3 hours or 5 mgm re- 
peated not more frequently than every 6 hours. 
Dexedrine does not appreciably affect physical 
or mental efficiency in well intesgrated subjects, 
but it does permit tbem to carry on their duties 
for many hours longer than they normally 
would. 

The drug is not habit forming in the sense 
that physical signs of withdrawal are produced. 
However, many find the stimulation pleasant 
and excessive use may occur. Overdosage will 
produce excessive excitement, headache, and 
sleeplessness. Some people are unusually sus- 
ceptible to the actions of the drug, so that when 
practicable all personnel should be tested 
a 2.5 mgm dose prior to its actual use under 
coiinbat conditions, liie drug is no substitute for 
rest or sleep, but merely postpones their need. 
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AIR FORCE POLICY 

The Surgeon General, United States Air 
Force, does not interfere with the privilege 
each physician has to practice good medicine. 
With particular reference to drugs, there has 
been practically no dictation to the practitioner 
as to what drugs will or will not be used. How- 
ever, it has been and is now Air Force policy 
that, in general, no drugs will be used by an 
individual while on flying stat^is. 

Flight Surgeons must be especially alert to 
detect self-medication and must take steps to 
insure that drugs are not being given to flying 
personnel either through self-medication or by 
allied medical service personnel who are not 
Flight Surgeons. The Flight Surgeon can do 
much to control ilie latter through the estabUsh- 
ment of adequate rapport and liaison with other 
medical service personnel, such as ward offi- 
cers and dentists, so that when flying person- 
nel are being treated by them the Flight 
Surgeon is informed. 

In the limited instances where analeptics 
such as dextro-amphetamine are used, the ut- 
most control by the Flight Surgeon is demand- 
ed. They should never be used routinely or as 
substitutes for adequate personal hygiene re- 



quirements, but only when decrement of per- 
formance is impending and then only after 
adequate briefing and pretesting for unusual 
drug responses. 

The use of antihypertensives, anticholinergics, 
antihistaminics, and sedatives is fraught with 
considerable risk and their use by iftdividuals 
on Hying duty is contraindicated. The indica- 
tions for the use of these and other drugs in 
general are sufficient eanse in themselves for 
removal from flying status. 

Tranquilizers. 

Regarding tranquilizers — a study of toler- 
ance to acute physical stress while on these 
drugs was carried out on healthy male volun- 
teers at the Aero-Medical Laboratory, WADD, 
the subjects serving as their ovim controls. Stress 
tolerance was reduced while on tranquilizers 
(promazine hydrochloride and meprobromate ) . 

As the degree of physical stress was in- 
creased, the limitation of response became se- 
vere while under the influence of both groups 
of tranquilizing agents. Psychological changes 
were also noted, It was strongly recommended 
that if the situation demands tranqmlizerSj then 
the aircrewman should be removed from flying 
status while on the drug. 
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fatigue in 
Aerospace Operations 



The ever-present threat of fatigue in aero- 
space operations is a critical problem in aero- 
space medicine today. The concept of a global 
strategic and tactical capability relies on the 
abiHty to traverse great distances without de- 
pendence on airfields which may be destroyed. 
The perfection of in-flight refueling techniques 
means that aircraft designed for relatively brief 
missions can be kept aloft for very long periods. 
Improved aircraft performance and complesd^, 
coupled with greatly increased flight tim^^ hatS 
to some extent exceeded progress in aeromedical 
developments to assure equivalent aircrew capa- 
bility. 

As a result, the Flight Surgeon is cottfronted 
with fatigue problems whether his unit's mission 
includes 24-hour B-52 flights, overseas tactical 
deployment in fighter aircraft, arouBd-the-clock 
troop carrier and MATS support for far-flung 
operations, or planning the daily routine of the 
astronaut. Not only does fatigue enter into 
combat capability, but worse still, it takes a 
steady toll of lives in aviation accidents. 

The Directorate of Flight and Missile Safety 
Research is convinced that many of the erron- 
eous decisions responsible fox aircraft loss at 
the end of long missions can be ascribed to 
fatigue. In his efiEorts, the Flight Surgeon is 
handicappisd by the lads of a test or index for 
the quantitative measurement of fatigue in 
any one individual. The many efl^orts to devise 
an operationally applicable fatigue index have 
thus far failed. Though many of the physical, 
physiological, psychological and environmental 
factors leading to fatigue can be pinpointed, the 
fact remains that the mechanisms involved in 
the overall complex are still poorly understood. 



WHAT IS FATIGUE? 

The word "fatigue", derived from the Latin 
fatigare, which means to waste away, has lent 
itself to appropriation by many scientific and 
technical disciplines for designation of their own 
particular regression phenomena. Thus, fatigue 
means different things to different people. Metal- 
lurgists use it to denote progressive deterioration 
in structural strength from repeated stress and 
physiologists use the word to refer to decremeKlts 
in organic response resulting from activity. 

For the Fhght Surgeon, a suitable definition 
might be — "Fatigtie is that detrimental altera- 
tion or decrease in skilled performance related 
to <iuration or repetitive use of that skOl, ag- 
gravated by physical, physiological and psychic 
stress." 



Fatigue to the Physiologist 

Before we discuss flying fatigue, let us review 
what fatigue means to physiologists. In kymo- 
graphic studies of contractile decrement in re- 
peatedly stimulated muscle-nerve preparations, 
physiologists have found a depletiGQ of energy 
resources with a rapid buildup of anaerobic 
breakdown products, such as lactic acid, preced- 
ing the loss of muscle irritability. Oxygen's role 
in decreasing metabolite accumulation through 
aerobic oxidation in the triearboxyUe atad cycle. 

In the exercising human, there is also in- 
creased energy turnover and buildup of anaero- 
bic products as manifested by the oxygen debt 
following vigorous effort. Such observations led 
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the physiologist to view fatigue as an energy- 
depleted state with metabolite buildup. Fatigue 
was regarded as a complex of metabolic bio- 
chemical events, and the contractile decrement 
— a symptom of this complex. Fiom this con- 
ceptual point, it was but a short step to the 
general extrapolation that a wide variety of 
biological regression phenomena were all refer- 
able to some fundamental organic state of 
aflfairs in which cells lost the capacity to re- 
spond to stimtdation, whether that cell be mus- 
cle, or nerve. 

While the physiologists' concepts are appro- 
priate to fhe particular experimental setting, 
there are difficulties in applying these to ergo- 
graphic observations on intact animals. For 
example, a subject can pursue manual work to 
exhaustion, but electrical stimuli near the 
motor-nerve end-plate will produce a contrac- 
tion similar to that in a rested individual. The 
decrement in the intact animal is far removed 
from the crippHng changes in a constantly stim- 
ulated, isolated musde-nerve preparation. 

The human subject can write symbols for 
hours until his work degenerates into illegible 
scrawls, but at this point, if he is asked to write 
his name, he does as well as if rested. It be- 
comes clear that such an observed decrease in 
output does not necessarily mean a decrease in 
capacity. Some physiologists refer to this differ- 
ence as "central fatigue". The human subject 
working at repetitive, intensive, prolonged men- 
tal stress does not show the biochemical changes 
found in the muscle suffering from the physiolo- 
gists' type of fatigue. 

Certain components of fatigue show up in 
serial performance testing, others are manifest as 
varied symptoms complexes. The task of the 
Flight Surgeon, no less than that of the scientist, 
is to discover the reasons for a particular deteri- 
oration and manipulate the etiological circum- 
stances in such a way as to retard the onset 
and progression of fatigue. In doing so, the 
Flight Surgeon will find himself dealing with 
factors and circumstances far removed from 
traditional notions of fatigue. In the flying situa- 
tion, fatigue is generally identified in two over- 
lapping categories; acute skill fatigue, and 
chronic fatigue. In both, the Flight Sturgeon can 
make significant contributions by giving careful 
attention to the flyer's ground and air environ- 
ment. 

Single Mission Skill Fatigue 

Let us first consider acute single mission 
skill fatigue. Skill fatigue is simply that attrition 



resulting from the wearing repetition of a task 
dmring a long mission or repeated short mission. 
It is an experience common to all and disappears 
after adequate rest. Its symptoms are lassitude 
and disinclination to further activity. Flying en- 
tails prolonged detailed attention to multiple 
tasks and it is only natural that skill fatigue 
arises. 

Its particular etiological pattern varies as the 
individual aircrewman. The Flight Surgeon, from 
his own flying experience, will be able to eval- 
uate various extrinsic factors. Included are hy- 
poxia, temperature extremes, noise, vibration, 
exposure to G-forces, inability to move about, 
feeding and elimination problems, and other 
considerations inherent in most aircraft. The 
Flight Surgeon, in his flying, has an apprecia- 
tion for intrinsic factors like boredom, responsi- 
bility, frustrations, problems of attention, con- 
centration, apprehension, anxiety, uncertainty, 
and even fear. 

Skill fatigue is primarily a normal psychologi- 
cal reaction to the continuing stresses of the 
mission, Boredom depends upon the nature of 
the mission. Although the effort for attention 
and alertness is always present, with modern 
flight aids the aircrewman is now better able 
to relax during the flight. Apprehension, anxiety, 
and fear are part of the reaction to danger, and 
it is common experience that they can produce 
profound nervous and emotional fatigue. The 
danger may be overt, or it may be nagging the 
subconscious, a realization that there are poten- 
tial hazards in flying such as fire, engine failure, 
ejection over water, and escape problems at 
low altitude. Thus a subconscious feeling giving 
a baseline of apprehension may result in a 
slightly greater wearing away of the flyer's 
energies, 

Utilizing a Cambridge cockpit to simulate 
airborne performance, Hartley and others de- 
lineated the following skill fatigue components. 

1. The requirement for larger than normal 
stimuli for evocation of appropriate responses. 

2. Errors in timing. 

3. Overlooking of important elements in a task 
series, 

4. Loss in accuracy and smoothness of control 
column and rudder movements. 

5. Unawareness of the accumulation of rather 
large errors in azimuth, elevation, and attitude. 

6. An increase in control movements mvolving 
greater fluctuations in order to produce the 
same effect. 

7. Under- and over-control movements. 

8. Forgetting of side-tasks. 

9. Increasing unreliability of reports about 
what transpired. 
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10. Errors of inattention. Failure to scan sky 
(fixed vision). 

11. Preoccupation with one task component to 
exclusion of others. 

12. Allowing various eliements of operational 
sequence to appear out of place with respect to 
one another. 

Accompanying these manifestations of skill 
fatigue, various subjective phenomena were 
noted: (I) Increased awareness of physical 
discomfort. (2) Growing irritability. (3) Fro- 
jection of the irritability upon some component 
of the machiiie. ( 4 ) Increasing unawareness of 
performance deficiencies. (5) Other subjective 
tension and unpleasantries. In general, the per- 
ceptual-motor aspects of the task seemed to dis- 
integrate from an organized whole into a di- 
versity of unrelated stimulus elements with 
corresponding dissociations of action, a loss in 
"centrar control. The signs rarely indicated a 
loss in ability to perform, but only that the ac- 
tions were not performed unless appropriate 
special effort was put forth. 

The level of efflcieney in aircrew function Is 
vital to the maintenance of combat effective- 
ness and flying safety. Defects such as reduced 
visual scanning in today's crowded air space 
increase opportunity for mid-air collision. De- 
creases in judgment and attentiveness contrib- 
ute to disorientation and loss of control so 
frequent at low altitude. Even though the indi- 
vidual flyer may realfee that he is tired, be may 
be unaware of, or unable to admit his perform- 
ance deterioration. 

Other fatigue factors depend upon the indi- 
vidual aircrewman's tasks. Certainly, visual fa- 
tigue comes into play for radar scanners and 
those constantly working with charts. For others 
such as the isolated tail gunner, boredom in it- 
self may become oVerwHelming. For all crew- 
men, muscular effort is minimal. Most of the 
pilot's actions are in making skilled responses 
to signals wltMd his immediate enviroiunent 
which are given by a variety of instrument 
readings. He is involved in a continuous inter- 
play between recepter interpretations of signal 
groups, and timed-coordinated response. From 
tiie pilot's training and ejEperience, on the 
basis of one response he is able to anticipate 
and prepare for the next, thus insuring smooth, 
safe, flight. 

Regarding ways in which fatigue balanced 
against alertness acts, three concepts should be 
kept in mind. 

1. Threshold of Indifference. There must be 
a minimal detectable change to produce a min- 
imal response. With fatigue, the mind and body 
remain indifferent and fail to react to normally 
detectable changes. 



2. Anticipation Span. Flying is an operation 
laid out in a sequence of closely related steps 
with the pilot utilizing anticipation to stay 
abreast of the sequence. With fatigue, the span 
of such anticipation contracts. Forced and hur- 
ried reactions occur, the pilot's smooth rhythm 
is broken, and potential emergencies are avoided 
too late. 

3. Speed and Load. These have become of 
great importance in high-speed aircraft. Speed 
is so great that flight controls must give ad- 
vance information. The load is so high that com- 
putor systems have become standard equip- 
ment, relieving the pilot of many steps in 
controlling the aircraft. The increase in speed, 
with resultant narrower margin of control lead 
and tlie increasing mass of simultaneous stimuli 
all produce tension, a higher pitch of work, a 
push for greater alertness, and a naturally 
stepped-up tenjpo for fatigue. 

Thus, it was that the RAF noted objective 
measurable fatigue in jet fighter pilots after 
three consecutive one-hour sorties. And, so it is 
^hat human factor engineers seek improve- 
ments in cockpit design systems for feeding 
computor-digested information to the controls 
as "feel", simphfied instrument data presenta- 
tion, improved radio-navigational and automatic 
pilot systems. In the RAF study "measurable 
performance deterioration occurred after 10 
hours in a multiengine piston aircraft; after 6 
hours in jet bombers; was greater during night 
flying operations; progressed in severity during 
four consecutive 15-hour night missions; was 
present though not subjectively noted after 
three fighter sorties; and was noted to vary 
widely among individual pilots flying under the 
same circumstances". 

Hartley and Chute view such fatigue as an 
experimental pattern arising out of a conffict 
situation in which alignment of the individual 
is one of aversion towards what he is doing or 
is about to do. Involving unwillingness, inade- 
quacy, feelings of frustration — fatigue is one 
attempt to retreat and escape from a task or 
situation that is becoming increasingly difficult 
to handle. Feelings of fatigue and boredom they 
regard as avoidance habits, reinforced through 
their eSicacy for tension reduction. Normally 
they are mild universal phenomena, but upon 
occasion they can reach the neurotic propor- 
tions characteristic of so-called battle-fatigue, 
operational-fatigue, and other comparably vivid 
combat syndromes. 

Concerning single mission fatigue in the usual 
flying situation, we need not be so concerned 
with the psychological dynamics. Avoidance re- 
actions or not, 24 hours in the same ejection 
seat is a long time and fatigue is the natural, 
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normal response. The Flight Surgeon's problem 
is to minimize it and to keep it controllable. 
Among many factors, sleep deprivation cannot 
be ignored, both preflight or during excessively 
long missions. Though we can consider its im- 
plications, it is difficult to apply the research 
on sleep deprivation to an operational situation, 
since such work was performed in hypodynamic 
environments where levels of incoming stimuli 
were so low that gross mental aberrations oc- 
curred. It is interesting ftat in one-man space 
cabin simulators, trained pilots reacted to the 
prolonged stress with less response decrement 
and far less distorting delusional aberrations. 
Thus it appears that a pilot, through experience 
arid selection, develops his own defenses against 
skill fatigue. 

Concerning sleep, the Directorate of Flight 
and Missile Safety Research after reviewing 
numerous accident records, feel that a more 
sensitive index of fatigue than crew duty time 
is actual time out of bed. This can be consid- 
erable where the pilot works all day on a desk 
job and then flies at night for proficiency. We 
can all list related accidents. The pilot flying 
at night after his daytime job finally lands, 
taxies to opa-ations and retracts the land- 
ing gear while the propellers are still turning. 
The pilot after 18 hours in the air strikes a 
mahogany tree while making his letdown at a 
strange airfield on the wrong radio beacon. Un- 
questionably, lack of sleep is an important fac- 
tor in both skill and chronic fatigue. 

While the degree of physical work in flying 
would hardly lead to glucose depletion and 
metabolite accumulation, a low blood sugar 
from dietary neglect leads to increasing mental 
irritability with alteration of perfornuanee. Cer- 
tainly, during long flights, inadequate replen- 
ishing of energy reserves aggravates fatigue. 
In addition, many persons complain of exces- 
sive tiredness, headache and sometimes nausea 
during prolonged flights at, and above, 10,000 
feet cabin altitude. Besides increases in pulse 
rate and cardiac output noted at these altitudes, 
measiu-able motor perfomiance decremaats and 
associated premature onset of fatigue occur, 

Among veteran transport pilots, the use of 
oxygen is often neglected. Mild chronic carbon 
monoxide exposure exerts effects similar to hy- 
poxia. In flyers indulging in excessive smoking at 
altitude, carbon monoxide-hemoglobin satura- 
tions of 8% are common. Physical conditioning 
is of importance. Simple tiring of the postural 
muscles in an individual unable to move about 
adds another weight to the fatigue burden. B-S2 
crews commonly report backaches from pro- 
longed sitting with the burden of heavy personal 
equipment. 



Backache has been effectively relieved by in- 
flatable lumbar pads worn during the flight. 
The Aeronautical Systems Division (formerly 
Wright Air Development Division) has worked 
with rechning ejection seats and alternating in- 
flatable seat cushions. These greatly decrieased 
seat discomfort during 80-hour continuous B-47 
missions. 

Chronic Flying Fatigue 

This is a cumulative phenomenon occurring 
when physical and mental recuperation be- 
tween repeated missions is incomplete. In 
chronic fatigue, the difficulty, frequency, and 
duration of the mission is one of a pair of fac- 
tors, the other being the duration and effective- 
ness of between-mission time for rehabilitation. 
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Chronic fatigue can occur rapidly within one or 
two weelcs in any repetitive maximum eflFort 

mission program. 

RAF Flight Surgeons found that 90% of their 
aircrewmen showed fatigue symptoms early in 
the Berlin Airlift. These included tiredness, ap- 
prehension, increased drinking, weight loss, 
bickering, and multiple minor physical com- 
plaints. Commanders noted bumpier landings, 
careless taxiing, clumsy handling of controls, 
and careless flight planning. These seemed 
worse later in the day after a few missions. Some 
pilots even forgot to feather engines or lower 
flaps. Crew questionnaires indicated much of 
the difficulty to be due to lack of or disordered 
sleep, betWeen-flights waiting, poor living con- 
ditions, long hours, unsatisfactory ground and 
air organization, poor food and in-flight factors 
such as discomfort in the airctaft 

The fatigue decreased markedly when vigor- 
ous attention was paid to improving environ- 
mental factors such as the moving of sleeping 
areas from the flight line, publishing duty sched- 
ules in advance with programmed off-duty time, 
improving food, and relieving pilots of admin- 
istoative details. 

A similar study made by the RCAF during 
the Tokyo Airlift noted irritability, sleepiness, 
lowered standards of performance, and delayed 
reaction time as the chief manifestations of fly- 
ing fatigue. The factors considered relevant in 
this study may be divided into three main 
groups: 

1. Factors common to flying in general. 

a. Length of flight. 

b. Delayed flights. 

c. Details prior to takeoflF. 

d. Rehability of radio communication and 
navigational aids. 

e. Monotony and boredom on famihar routes. 

f. Number of intermediate stops. 

g. Drinking the night before. 

2. Factors relating specifically to operational 
conditions. 

a. Problems relating to particular aircraft: 

(1) High level of noise and vibration. 

(2) Unreliable and inadequate heating 
systems. 

(3) Cramped working conditions, espe- 
cially in cockpit. 

(4) Poor arrangement of instruments. 

(5) Uncomfortable oxygen masks. 

b. Problems relating to particular route; 

(1) Food. 

(2) Quarters. 

(3) Transportation. 

(4) Hours, 



3. Personal Factors. 

a. Inexperience. 

b. Tension among crews. 

c. ResponsibiUty. 

d. Domestic worries. 

e. Personalities. 

These factors are applicable to all opera- 
tions in which flying fatigue develops. For in- 
stance, following a reduction in MATS crew 
strength which meant there were fewer men to 
carry the same transport load, came a require- 
ment for support of a massive maneuver, a 
major disaster in Chile, and a crisis in the 
Congo. The same crews that were straining 
under the routine transport burden suddenly 
assumed these additional emergency loads. In- 
terestingly, though static fatigue developed dur- 
ing the 18-hour flights in the tropics, chronic 
fatigue was minimal. Crews were hi^y moti- 
vated and were able to see and measure their 
accomplishments — a certain number of tons de- 
livered to destinations where the need was 
great. Although facilities were sometimes im- 
provised, crews rested Well, and the food was 
good. 

On the other hand, back in the Continental 
United States, the men flying the tontine runs 
at near their maximum capacity suddenly had 
to make up for other crews' prolonged ab- 
sences. These pilots were exposed to the bore- 
dom of working longer at the same task rather 
than to the stimulus of doing a new and special 
job. Despite intensive efforts, motivation and a 
sense of accomplishment were difficult to main- 
tain. Many men found themselves flying over 
125 hours per month plus layovers. Many were 
away from home 25 or more days per month 
and then on return stood alert or had other 
routine duties. 

Diurnal sleep rhythms were disturbed. After 
a night flight, crews arrived home during the 
daytime when the children were noisily about 
the house. Some 12 to 15 hours later the period 
allowed for crew rest was up, and they were 
flying after having had very little real rest 
Mter a few months of &as, Plight Surgeons 
noted numerous indications of fatigue. In flight, 
aircrews seemed more complacent. They would 
accept aircraft for the homeward leg of a trip 
that they would not have flown away from 
home. 

There was an increase in accidents. Signs of 
chronic fatigue were evident at sick call. Air- 
crevraien reported to the Plight Surgemi com- 
plaining of colds and sore throats with prac- 
tically no physical findings. Questioning by the 
Flight Surgeon produced a story of excessive 
flying, fatigue, and a desire for more time on 
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the ground. Tension illness such as neuroderma- 
titis, tension headaches, and peptic ulcers 
increased. 

At a staging base for Congo operations. 
Flight Sui-geons found many aircrewmen who 
had flown 100 houfs in less than ten days, and 
numerous others with up to 180 hours per 
month who fell asleep in the few minutes be- 
tween laboratory tests in the clinic. Many had 
pulse rates over 100 which did not decrease 
significantly even during sleep. Others had ele- 
vated blood pressures, and all were tired. Such 
combinations of chronic fatigue superimposed 
On a series of exhausting long missions with 
static skill fatigue under the pressure of urgent 
missions, present challenges in management. 



Management 

Since there is no red warning light in the 
cockpit which flashes on and oflE to indicate fa- 
tigue, and since Flight Surgeons have no meas- 
uring device calibrated in degrees of fatigue, 
the cornerstone of management consists of pre- 
vention. When prevention fails either due to the 
individual, the nature of the mission or the 
facilities in support of that mission, then diag- 
nostic recognition is the next step. Prevention 
and management depend upon preflight, in- 
flight, and postflight control of the aircrewman 
and his environment. This is a team effort by 
the individual, his commander, the Flight Sur- 
geon, and those who design aircraft and 
weapons systems. 

Much of the problem has already been solved 
by improved human factors engineering. No 
longer is man added to the aircraft as a last 
minute afterthought. Cockpits are roomier and 
personal eqtdpment is constantly being re- 
worked to improve comfort and range of motion. 
Instruments are simpler to read, reducing er- 
rors and eliminating time-energy consuming 
steps in interpretation. 

Command and leadership instill mission ori- 
entation and motivation into crews. It is the 

commander who determines mission planning, 
crew loads, and adequacy of support facilities. 
He balances fatigue and accidents against the 
naission importance, funding, and even the 
personal rewards for accomplishing an almost 
impossible mission load. 

The importance of all echelons of support 
personnel is obvious, as emphasized by the fac- 
tors contained in the Tokyo and Berlin Airlift 
reports. 



The facets of the aircrew efFectiveness pro- 
gram, are also cornerstones in a fatigue 
prevention program. To decrease the fatigue 
vulnerability of the human component, the ap- 
proach of postflight, pre-flight, and in-flight 
crew control is a helpful concept. 

The prevention of tomorrow's fatigue begins 
with the termination of today's mission. The 
object of postflight crew control is successful util- 
ization of between-mission recuperative time. 
The Flight Surgeon can assist by educating the 
aircrewman on the need of mature self disci- 
pline, the effects of sleep loss, overindulgence 
in food, tobacco, and alcohol, the necessity for 
a regular physical conditioning program, and 
for handling personal problems before they be- 
come disturbing mountains of preoccupation. 
Stanbridge suggests that a flier approach his 
occupation like an Olympic athlete prepares 
himself for the coming contest. 

Although most commands have definite poli- 
cies concerning minimum crew rest between 
missions, subtle disorders in diurnal rhythm 
with associated nightly drops in temperature, 
and adrenal hormone secretion may detract 
from their effectiveness. Those who work regu- 
larly at night have a reversed cycle, with peak 
performance at night and lowest temperature 
in the day, but when changing shifts, it takes 
a few days to make the required adjustment. 
When working 4 hotu^ on and 4 off or an irregu- 
lar mixture of night and day flying, the rhythm 
will not stabilize and lowest performance will 
still be at night. Flying through many time zones 
results in similar sleep distiurbances. It may be 
daytime at the destination, but it is physiolog- 
ical nighttime for the crew. 

The Directorate of Flight and Missile Safety 
Research has accident statistics in which post- 
alcoholic hangover was felt to be a contributory 
cause. There was recently a European commer- 
cial accident in which aircrew intoxication was 
implicated. Numerous tests have shown a dec- 
rement of approximately 10% in flying-type 
tasks following ingestion of one ounce of alcohol. 

Preflight crew control assures that the aircrew 
arrives at the aircraft rested and ready for 
flight. Potential stresses such as clearance delays, 
poor transit facilities, changed schedules, and 
personal equipment anxieties add to any existing 
fatigue potential. 

In the Strategic Air Command, extra atten- 
tion to crew facilities with installation of ham- 
mocks, ovens for hot foods, cold chests for 
frozen diimers, extra crew members to permit 
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rotation and sleep, maintained effective per- 
formance during prolonged missions. 

It has been found that intensive training will 
improve confidence and permit more relaxed 
flying responses. In-flight emergencies or the 
GCA at destination become less worrying. In 
simulators^ indQCtrination to be on guard against 
skill fatigue leads to significant performance im- 
provement. Frequently, fatigue simply signals 
the need for a few moments of variety and 
change to restore performance. In industry, 
when working with breaks, output has been 
found to be superior to that produced by work- 
ing longer, but continuously. 

CoflFee should be reserved for the last haU 
of a flight since many individuals get a post- 
cafFeine letdown. Similarly, meals should be 
balanced rather than relying on pure carbohy- 
&ate since an insuhn overshoot may produce 
delayed hypoglycemia. The person in better 
physical condition tolerates fatigue better, 
notices less postural tiring, and recovers faster 
after the mission, 

Dextro amphetamine has been used on a large 
number of aircrews without an accident attrib- 



utable to the drug. However, side reactions 
have occurred in flight. One F-lOO pilot who 
had been pretested without side effects, took 
his first 5 mgm dexedrine before a refueling over 
the mid-Atlantic. He experienced a feehng of 
euphoria with narrowed span of attention and 
complained that he could think of only one pro- 
cedure at a tioie. Others have noted agitation 
and hyperactivity. Attention to crew rest facili- 
ties in larger aircraft has obviated the require- 
ment for stimulants on many missions. 

Unquestionably, fatigue will be a major prob- 
lem in future space operations. The prolonged 
nature of such missions cOupled with periods of 
unpowered parabolic flight en route, with min- 
imal input workload and associated monotony, 
will predispose to fatigue problems of consid- 
erable magnitude. 

Though fatigue is a basic response of the hu- 
man to continued stress, through a system of 
crew and environmental controls, it can be min- 
imized. The FUght Surgeon is a key figure in 
planning, evaluating, and as a source of tech- 
nical ad^^^ee on any fatigue-preventing system 
apphed to man. 
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Psythiatric Disorders 
in flying Personnel 



Psychiatric disorders in flying personnel have 
been recognized since the days of World War I 
when it became evident that loss of functional 
efficiency cotild occur without any physical evi- 
dence to account for it. In explaining this phe- 
nomenon at first, the physical aspect was em- 
phasized with little attention being given to the 
psychological factors that could be of etiolog- 
ical importance. 

The various factors adversely affecting the 
flying ability of an individual were summed 
up under the title "flying stress". Unfortunately, 
tbe symptoms attributed to the adverse factors 
under flying stress acquired the title of "flying 
stress" — or "aeroneurosis", "aviation neuroas- 
thenia", "flying fatigue", and so forth. This led 
to the assumption that a clinical entity had 
arisen which was peculiar and uriique to the 
flying situation, and that anyone exposed to the 
latter environment might develop this disease. 
In more recent years another term, "fear of fly- 
ing", canie into use which also was identified 
as a clinical entity. The significant psychiatric 
problem the flight surgeon must deal with is 
loss of functional efficiency due to emotional 
factors, 



STRESS, ENVIRONMENT, AND PERSONALITY 

Loss of functional efficiency due to emo- 
tional factors can best be understood through 
comprehensive examination of many different 
factors impinging on the individual flyer. For 
convenience, the important variables can be 
grouped into (1) the Stress to which the indi- 
vidual is exposed; (2) Environmental Factors 



affecting tolerance to specific stresses| and (3) 
specific 'Personality Factors including inherent 
adaptabihty. Whether or not a person loses 
functional effectiveness because of failure in 
emotional adaptation depends in large measure 
on subtle interaction of factors in these three 
groups. These factors are closely interrelated in 
actual situations, but for clarity will be dis- 
cussed individually here. 

Stresses evolve from situations which en- 
gender fear, insecurity, frustration, pain, fa- 
tigue, or any other tension or discomfort. Some 
situations represent severe stress for everyone, 
but no situation has an absolute definite quanti- 
tative stress value. Stress has meaning only as 
related to the individual who experiences it. 
Therefore, one must know not only the nature 
and degree of stress, but also the specific mean- 
ing it may have for the individual involved, 

The ever-present threat of death and mutila- 
tion results in a certain amount of inherent 
stress even in non-combat flying. The degree 
of this varies depettding on the type of air- 
craft, jet or conventional — the presence or ab- 
sence of other crew members — the weather — 
the type of mission and the nature of the terrain 
underneath. Flying pay and the increased cost 
of life insurance for flyers reflect these inherent 
dangers which are but rarely acknowledged 
consciously by flyers. 

In the combat situation additional factors 
are, of course, present. In addition to enemy 
aggressive and defensive action such factors as 
anticipation of nrissions, casualty rates, length 
of mission tours, injury and death of crew memr 
bers and friends all affect the quantity and 
quality of stress. During World War II it was 
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discovered that there was a striking correlation 
between the number of aircraft lost and the 
incidence of emotional disorders. Appreciable 
anxiety resulted when the casualty rate was 
high. 

Environmental factors are second in im- 
portance only to specific personality factors in 
effeetiiig an indMidual's tcderance of such 
stresses both in combat and non-oombat flying. 
These environmental factors include such ab- 
stract concepts as morale, leadership, sense of 
support, and group identity. The direct and 
powerful impact of these variables on the indi- 
vidual's tolerance to stress is often not fully ap- 
preciated. Their importance has long been rec- 
ognized by militajry leaders, but their slgniflcant 
implications for aeromedical practice have not 
been fully appreciated until recent times. 

Present concepts of human behavior ac- 
knowledge the profound and powerful effect of 
culture and social attitudes and mores on indi- 
vidual behavior. It has been recognized that 
the social needs of the individual are nearly as 
strong as his personal needs, and in naost cases 
are closely interwoven with them. ThuS, when 
an individual is in a unit where his social inter- 
actions produce minimal personal anxiety and 
frustration and maximum gratification and se- 
curity, his resistance to stress is greatly in- 
creased. 

Identifying with, a group — developing a 
sense of "belon^ng^ and loyalty — broadens an 
individual's sense bf duty beyond himself to 
include responsibility to the group. Thus when 
the group's mission is clear the individual is 
willing and able to tolerate more personal stress 
while pursuing the group goal. The strong 
cultural restriction against expression of destruc- 
tive, hostile aggression interferes with achieve- 
ment of military obfecstives. One of the impor* 
tant cultural functions of the military group is 
to establish an atmosphere in which aggression 
towards the enemy is encouraged and reward- 
ed. When this succeeds, the passive individual 
(whose aggression is ordinarily inhibited by 
guilt) will be more able to express such ag- 
gression. 

Aggressive action has a secondary advan- 
tage in affording relief of tension and anxiety 
and thus enhancing an individual's stress tol- 
erance. Stressful situations which prevent ac- 
tive aggressive action on the part of the indi- 
vidual are lilcely to result in increased tension 
and lessened tolerance for stress. Examples of 
such situations include making a bomb run 
through flak, sitting flirough an air raid, or be- 
ing grounded by weather instead of flying ag- 
gressive sorties. Resistance to stress is reduced 
under these circumstances. 



When an individual and/or a group feel that 
others are doing their fair share and that their 
efforts and saadflces are recognized and appre- 
ciated, a mme of support develops. Such subtle 
factors as having adequate quarters, good food, 
recreational facilities, and numerous other 
"fringe benefits" contribute directly to this sense 
of support. 

Effective leadership develops group cohe- 
sion and helps define both individual and 
group roles and responsibilities. It is a key factor 
in the development of group mores, attitudes, 
goals, and motivation. Sense of support is large- 
ly mediated through leaders. 

All of these factors contribute to morale 
which refers in general to the degree of willing- 
ness of a group to work towards the group goal. 
Thus we can see that all of these environmental 
factors directly effect the individual's ability 
and willingness to tolerate stress and accord- 
ingly are quite legitimate, necessary medical 
considerations. 

The fehsonality of the individual upon 
whom all of these foregoing factors are imping- 
ing is, of course, of fundamental importance. If 
his basic personality structure is sound with 
minimal underlying conflict aiid latent anxiety 
then his capacity to tolerate stress will be great- 
er. His basic attitudes toward aggression, regi- 
mentation, self-sacrifice and devotion to duty 
will all affect his performance. 

Also significant are: his capacity to identify 
with a group, his ability to get along with other 
people, his innate sense of responsibility, and 
his devotion to principles. These determine 
motivation which is the key factor in determin- 
ing how much stress an individual can or will 
tolerate. Other important personal factors are 
age and nutrition, fatigue, and the opportunity 
for aggressive action and training. The effect 
of fatigue has been discussed at length in a 
separate chapter. 

By facilitating action, training and education 
in the use of weapons, in emergency proce- 
dures, in self-defense, survival, and escape 
and evasion tactics, tends to offset the anxiety 
induced by passivity. Thus capacity for aggres- 
sive action is increased. Education eliminates 
the doubt and anxiety from unknovm and fan- 
tasied perils, and replaces it with informed ex- 
pectation and confidence arising from pre- 
planned offensive and defensive measures. 

It can be seen, then, that a wide variety of 
factors are significant in determining one's re- 
sistance to stress and must be considered by 
the Flight Surgeon if he is to be optimally 
effective in assisting his flyers in adapting to 
trying situations. Thus the role of the Flight 
Surgeon encompasses not only recognition and 
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treatment of reactions to stress in individual 
flyers, but also an understanding and analysis 
of many otiier factors operating in his unit. 

PSYCHIATRIC REACTIONS IN 
FLYING PERSONNEL 

The various psychological reaction types do 
not diflFer significantly from those observed in 
civilian life. They can be described and ex- 
plained both diagnosticaUy and dynamically by 
utilizing modern psychiatric terminology and 
psychopathology. This is particularly true in 
the early stages of training where the stress is 
usually minimal. 

Despite selection methods, some accepted 
candidates will show psychological dysfunction 
IB the early stages of their training. Various re- 
action types are observed, the most common of 
which are: somatization-reactions including 
headache, backache, and gastrointestinal dys- 
function, amciety-reactions; conversion-reactiolis 
usually related to (he special senses (vision and 
hearing); psychogenic motion sickness; and 
character and behavior disorders. 

Individuals whose symptoms occur early dur- 
ing training or without any unusual environ- 
mental stresses, will often be found to have 
immature or passive behavior patterns which 
have predisposed them to emotional disturb- 
ances. Such individuals may have embarked 
on a flying career to prove masculinity or deny 
a deep-!seated need for dependence. In most 
cases it veil! be necessary to recommend remov- 
al from training since recurrence of symptoms 
under future stresses is likely. 

REACTIONS TO COMBAT 

Under the stress of Hying hazardous combat 
missions, the presence of some degree of ap- 
prehension and fear is almost universal. In ad- 
dition, many individuals suffer from some of 
the somatic concomitants of this apprehension. 
The physiologic effects of anxiety, mediated 
through the autonomic nervous system, include 
tachycardia, hyperventilation, nausea or "queas- 
iness", diarrhea, urinary frequency, tremulous- 
ness, and "startle". The individual so alfected 
may feel restless and irritable, and may have 
insomnia and anorexia. So common are these 
symptoms that they can be considered "normal" 
reactions to combat. 

Most individuals, because of their intrinsic 
motivation, and the supportive aspects of their 
group's environment, will be able to tolerate 



their symptoms and operate effectively despite 
them. However, an occasional individual, be- 
cause of an innate reluctance to continue, will 
seek removal from the hazardous situation, and 
wlU often justify this on the basis of his physical 
symptoms. He often will have flown only a few 
missions and will not have been directly ex- 
posed to any unduly stressful e^sperience. Such 
an individual is likely to come to the Flight 
Surgeon, with his mind already made up that 
grounding or hospitalization is necessary. 

Some of these men will be able to continue 
if the cause and mechanism of the symptoms 
is explained, and if everything about the man- 
ner of the Flight Surgeon indicates his under- 
lying attitude that the individual should be 
able to continue in spite of these normal mani- 
festations of his apprehension. If these super- 
ficial measures fail, and the individual must be 
removed from flying, then this should be done 
on an administrative basis. Any other course 
would tend to undermine the resolve of men 
who do continue to function despite their fear 
and discomfort. 

Another group of men develop symptoms 
only later in a tour after having flown a number 
of stressful missions. They recognize tiieit re- 
luctance to continue but because of underlying 
sound motivation and identification with the 
group, they wish to complete their tours. Thus, 
they respond well to the superficial measures 
mentioned above. If chronic anxiety and fatigue 
have resulted in insomnia, weight loss and 
other physical manifestations, then the individ- 
ual may be benefited by supportive measures 
such as sedatives for a few days or a short 
"rest and recuperation" leave. 

These decisions are best made by the unit 
Flight Surgeon, If a pilot is evacuated to a 
hospital for decision, then the individual's ties 
to his unit are broken and a potent motivating 
force is lost. Further, a distant medical officer 
does not have the same identification with the 
s^roup as the local Flight Surgeon, and the for- 
mer's understandable sympathy for his un- 
happy patient may result in the loss, through 
medical channels, of a pilot who could have 
continued. The unit Flight Surgeon, by virtue of 
his being a member of the group, is better able 
to recognize that the too-easy release of the in- 
dividual pilot from his responsibilities would 
ultimately undermine the group as a whole. 

It should be mentioned that an unnecessarily 
"tough" policy will also be detrimental to group 
morale. When an individual has been exposed 
to prolonged severe hazard and ultimately be- 
comes incapacitated in spite of basic good mo- 
tivation and a strong desire to continue, then 
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medical disposition may be indicated. In such 
circumstances, as other flyers can sympathize 
with the disabled pilot, a policy that seems to 
thera tough and unsympathetic may also cause 
deterioration in group morale. The decision 
about medical versus administrative disposition 
is usually not an easy one, and calls for matinre 
professional judgment on the part of the phy- 
sician. 

FEAR OF FLYING 

The term Fear of Flying has been used in 
both a medical and administrative sense in the 
past — usually without identifying the distinc- 
tion. As a result, much confusion bas been 
prevalent in this area. 

DiflScult questions commonly arise when a 
flyer develops incapacitating emotional symp- 
toms (i.e., of such a nature as to represent a 
threat to flying safety) which seem especially 
related to flying stress. Are the disabling symp- 
toms related to a "genuine" illness which is 
interfering with the efi^ectiveness of a conscien- 
tious, responsible individual who is struggling 
to overcome his dilBculty? Or, is the individual 
a poorly motivated, less responsible person who 
finds the hoped for secondary gain (removal 
from stress) too appealing to resist by suppress- 
ing his uncomfortable symptoms? 

To reward symptoms secondary to poor moti- 
vation with medical grounding is, of course, 
^ossly unfair to the rest of the group who may 
be flyiiig with equal or even greater anxiety 
and discomfort. On the other hand, to "punish" 
a sincere, devoted flyer who has actually had 
more than he can take is also grossly unfair to 
both individual and group. In either case group 
morale and motivation is likely to be adversely 
aflfected. 

As was pointed out earlier, an individual's 
stress tolerance varies and is dependent on 
many factors among which are group pressures 
and attitudes. Social disapproval of the indi- 
vidual may follow voluntary removal from fly- 
ing status. 

Being on flying status, especially at great 
personal risk and sacrifice, has high prestige 
value. Such cultural attitudes must not influ- 
ence medical judgment and confound an al- 
ready difficult situation. Nowhere is the skill 
and chnical judgment of the Flight Surgeon 
more taxed than in thfe area. Obviously, evalu- 
ation of many cases in this group will be diffi- 
cult, as considerable subjective judgment is 
necessary to determine how much "is enough" 
and what satisfactory motivation is. 



Currently, pertinent Air Force regulations 
identify all emotional reactions which are re- 
lated solely to flying, and which are not present 
in the absence of flying stress as "fear of flying". 
Provision is made for psychiatric treatment, and 
the patient may be returned to flying status 
when and if he is physically qualified. 

The term, "fear of flying", should probably be 
reserved to identify those with faulty motiva- 
tion and should not be used to identify those 
with true psychiatric illnesses, whatever the re- 
lationship to flying may be. While it is true that 
conscious "fears" of flying may be present in 
psychiatric conditions, sueh as phobic and anx- 
iety reactions, this is a symptom and not a 
disease. To identify such reactions as "fear of 
flying" only tends to confuse them with cases 
which should properly be handled administra- 
tively. 

It should be noted, however, that the pres- 
ence of emotional symptoms is not necessarily 
evidence of psychiatric disease but can be and 
often is a reflection of faulty motivation. Fair 
and reasonable handling of the individual case 
must be based on careful appraisal of the 
stresses, environmental factors, and motivational 
or personality factors which have contributed 
to symptom formation. 

Handling must be not only in terms of what 
is best for the individual, but also in terms of 
what disposition will most favorably affect suc- 
cessful accomplishment of the group's mission. 
In practice, the indivlduars needs and the 
needs of the group 9.f e usually quite compatible. 
This is in part a result of the fact that allow- 
ing the poorly motivated person an easy exit 
from flying duties through medical channels 
may cause him to have chronic feelings of fail- 
ure, guilt, and anxiety. Firm but supportive 
handling often results in early return to flying 
duties, an outcome which is optimal both for 
the individual and group. 



PSYCHIATRIC ASPECTS OF 
MISSILE OPERATIONS 

In missile operations the relative influence of 
stress and environmental factors upon the in- 
dividual is somewhat different from that in the 

flying situation. Stresses that do exist such as 
the hazards of explosion, noxious fumes, and 
accidents are in general less acute and anxiety 
producing. Chronic combat tensions obviously 
are unlikely. Environmental factors on the other 
hand are of much greater significance^ Remote 
locations, small stations with few personnel. 
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limited recreational facilities, insuflficient and 
possibly substandard housing are all important 

variables. 

The strategy of deterrence depends upon the 
awesome destructive potential of our missiles. 
Should we have to launch them, then our strat- 
egy has failed. Ability to operate the weapons 
system with very short warning is essential for 
the success of this strategy. The constant vigi- 
lance which is necessary demands an alert, 
keyed-up individual. 

Maintaining such a frame of mind is difficult 
enough in a hot war where use of tihe weapons 
system is imminent. It is a prodigious task to 
overcome complacency and establish an alert 
attitude in the cold war situation i?iA»e the 
weapons system has failed in its mission if it 
has to be operated. These factors — remote lo- 
cation, cold war, and lack of opportunity to 
Operate the system — all tend to render an indi- 
vidual more susceptible to impaired efiBciency 
from emotional symptoms. 

Furthermore, it has been shown that from 
25% to 40% c£ all missile failures are caused 
by human error. A sizeable proportion of these 
errors is due to impaired efficiency from under- 
lying emotional tensions. Momentary lapses of 



attention, simple mistakes, slip-shod and care- 
less work can often be directly traced to emo- 
tional pressures. 

Thus, counteractive measures as great or 
greater than those expended in the combat fly- 
ing situation are needed to insure against sig- 
nificant decrements in operational effectiveness. 
The Flight Surgeon s efiforts should be directed 
toward both initial elimination and continual 
screening out of those whose presence is detri- 
mental to the group or may be a threat to se- 
curity. He should work with command in 
identifying morale reducing factors and faulty 
leadership. He can recommend and show the 
need for improved living, recreational and trans- 
portation facilities. 

As much medical judgment is needed here 
as is required in the combat situation to decide 
who should be transferred from a remote site. 
Extreme attitudes — too lenient or too strict — 
can have a detrimental reaction on the effec- 
tiveness of the unit. Thus the local Flight Sur- 
geon, as in the past, is in the best position to 
evaluate the individual case and arrange its 
disposition. This action is not only fair to the 
individual and group, but maintains group ef- 
fectiveness at the highest possible level. 
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Flight Surgeons should be especially aware 
of tliose toxic gases and vapors which may 
from time to time be found in crew and pas- 
senger compartments of aifcraft. Although care 
has been taken in aircraft manufactvu-e and de- 
sign, unusual circumstances occasionally allow 
gases and vapors to permeate occupied areas. 
When this occurs, dangerous physiological ef- 
fects result from a combination of toxicity, con- 
centration, and prolonged exposure. 

Exposure to toxic chemicals in flight is usually 
brief, except in flights of very heavy bomb- 
ers. Therefore, H toxic effects are discovered, 
they are usually acute. While ground personnel 
caii normally escape from contaminated areas, 
passenger and crew members must stay with 
the aircraft until a landing can be made. There- 
fore, it rs necessary that flying personnel have 
a sound understanding of those toxic chemicals 
that may be encountered in aircraft. It is im- 
portant that they develop an awareness of the 
possible presence of these toxic vapors and that 
they be able to institute appropriate emergency 
measures when necessary. 

Contamination of the atmosphere of an air- 
craft may result from the following: exhaust 
gases, hydraulic fluid mist, fuel vapors, coolant 
fluid vapors, oil vapors, anti-icing fluid vapors, 
fire extinguishing fluids, cargo, and electrical in- 
sulation thermal decomposition products. 

Exhaust Gases in Piston Engines 

The composition of exhaust gases varies 
widely, depending largely upon the type of en- 
gine and the fuel-air ratio at which the engine 
is operated. Assuming a fuel-air ratio of 0.075 



for cruising and 0.095 for take-off, the following 
approximate compositions in per cent by weight 
are representative: 

Take-o0 Cruising 

CO . 8.75 3,03 

CO2 . -10.14 15.11 

CH4 0.31 0.24 

C4H8 0.37 0.34 

N2 70.43 71.50 

O2 0.84 0.77 

H2 0.36 0.045 

H2O 8,80 8.80 

Carbon monoxide, methane, and hydrogen 
result from incomplete combustion of the fuel. 
As the fuel-air ratio decreases and the complete- 
ness of combustion increases, the percentage of 
carbon dioxide in the exhaust gas rises, with a 
corresponding decline in tiie percentage of 
carbon monoxide. Conversely, as the mixture 
becomes richer, the carbon monoxide of the ex- 
haust gas increases. 

Aircraft vary with respect to the frequency 
and severity of their contamination by exhaust 
gases. Single-engine piston types with the en- 
gine directiy in front of the fuselage are subject 
to greater contamination than are multi-engine 
planes with laterally situated engines. There is 
also evidence to indicate that liquid-cooled 
single-engine types are less likely to be contam- 
inated by exhaust gas than are air-cooled radial 
engine airplanes. 

Exhaust Gases in Jet Engines 

The exhaust gases from jet engines contain 
over 95% air, the balance being essentially all 
carbon dioxide. The probability of toxic levels 
of carbon monoxide being present is remote. 
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However, since jet fuel is permitted to contain 
considerably more sulfur than is gasoline, irri- 
tating concentrations of sulfur dioxide and alde- 
hydes may appear in the exhaust gas. 

Although there is a limit to the concentration 
of mercaptan sulfur permitted in jet engine 
fuel, the vapors of Uquid jet fuel may have an 
unpleasant odor. This is due to the fact that it 
has not been "sweetened" to the same extent as 
gasoline. "Sweetening" is a chemical process 
that removes the mercaptans or mercaptan sul- 
fur from petroleum fuel. 

All new aircraft models must meet rather 
rigid specifications fot freedom from contanai- 
nation by carbon fiioiioxide before they are 
accepted by the Air Force. However, since ex- 
haust gases may get into the crew and passen- 
ger compartments in several ways, planes which 
were originally free from contamination, or 
contained only slight amounts of carbon mon- 
oxide at the initial test, may deteriorate from 
wear and tear or change as a result of structural 
modiflcations introduced while in service. Peri- 
odic tests will reveal such contamination and 
serve as a check on the adequacy of the main- 
tenance service. 

Carbon Monoxide (CO) 

Carbon monoxide should be suspected when 
fumes suggestive of heater or exhaust sources 
are noted. Since Ae gas itself is odorless, it is 
necessary to use one of the various carbon mon- 
oxide detectors when its presence is suspected. 
It can be detected readily in air by the Mines 
Safety Apphance carbon monoxide indicator, or 
by a colorimetric method which has been de- 
veloped by the National Bureau of Standards 
(Detector, carbon monoxide. Type B-1, 6685- 
490-2010), The maximum allowable concentra- 
tion of carbon monoxide in Air Force cockpits 
is 0.005% (50 ppm). 

Tests of cabin air give an indication of the 
conditions only at the particular moment when 
the ail is tested. These conditions vary accord- 
ing to the length of time the engine has been 
running, the fuel-air ratio, the ventilation, and 
the position in the cabin from which the sample 
is taken. From a practical standpoint the car- 
bon monoxide content of the pilot's blood is a 
more important consideration, for this repre- 
sents the cumulative effect of the gas to which 
he has been exposed. 

As a guide to whether the crew has been ex- 
posed, the pilots or crew members may be 
analyzed for carbon monoxide as explained in 
WADC TR 57-291. If this test indicates possi- 
ble exposure, it should be confirmed with stand- 
ard blood tests. Blood gas analyses are diflBcult 



and if they are to be considered reliable, they 
must be performed by experienced technicians. 
The average hospitel clinical diemistry labora- 
tory is rarely capable of providing uniformly 
reliable results with blood gas techniques, A 
poorly done determination may lead to danger- 
ous conclusions. Many "quantitative" tests which 
can be improved in the average laboratory 
cannot differentiate between dangerous blood- 
CO levels and those levels which the usual 
smoker carries around with him. 

Blood analysis can be performed with the 
Van Slyke apparatus or by the microtechnique 
of S(^t}lander and Houghton. In handliiig blood 
sawples, precautions must be taken to prevent 
loss of carbon monoxide. Tubes must be com- 
pletely filled, covered, and protected from hglit. 
In evaluating blood concentrations, it is impor- 
tant to consider the "normal" values, especially 
in smokers, in whom the control values of car- 
bon monoxide may be as high as 8% saturation. 
The Environmental Health Laboratories at 
either Kelly AFB, Texas, or McClellan AFB, 
CaUf., will make blood carboxyhemoglobin de- 
terminations on sampled blood (AFR 160-15). 

CAtJSES OF CAEBON MONOXIDE IN THE COCK- 
PIT. Failures in the exhaust system have been 
responsible for several cases of seepage oi car- 
bon monoxide into the cockpit. In some in- 
stances, this failure has consisted of cracks in 
the exhaust stacks from excessive vibration. In 
others, the gas has gained access to the cockpit 
through worn packings aromid the collector 
rings. In aircraft equipped with exhaust heaters, 
contamination has occurred from wear of the 
intensifier tube assembly and from defects 
caused by enemy fire. Because of the latter pos- 
sibility, pilots are advised not to use their ex- 
haust heaters in combat. 

Carbon monoxide may also be present in 
turrets and near gun positions as a result of 
incomplete oxidation of the explosive mixtures. 
But the firing of guns and cannons has not been 
an important source of the gas in Air Force 
aircraft. 

Pharmacology. Carbon monoxide is a color- 
less gas slightly hghter than air. Since it is also 
odorless its presence should be suspected when^- 
ever exhaust gases are smelled. It is absorbed 
escclusively through the lungs, the rate of up- 
take depending upon the rate and depth of 
respiration, the concentration of carbon mon- 
oxide in the air, the duration of exposure, the 
blood volume and hemoglobin concenti-ation, 
and the degree of saturation of the blood with 
carbon monoxide. In an individual with a nor- 
mal hemoglobin concentration of 16 grams per 
100 cc, 20 volumes per cent of carbon monoxide 



12-2 



FlIGHT SURGEON'S MANUAL 



n 
p 

n 



n 



r " 




f 1 



MINUTES OF EXPOSURE ACCORDING TO SCALES GIVEN 
280 250 



1 



BEST 
PUISE 70 




LT. PULSE 11 



HO WORK 
PULSE [35 



V . 



Td use this chartj first determine the approxiniate ventilation and, having fixed 
this point Upoii the ordinate scale of ventilation, draw a horizontal liae to the 
right intercepting the time curves (marked 10, 20, 30, etc.). The intercepts define 
the time scale for the ventilation in question; a vertical line, raised from the 

desired time of exposure on this time scale up to the proper curve in the upper 
quadrant, gives on the ordinate scale the increase of per cent COHb resulting 
from this time of exposure. The curved iines in the lower quadrant are time lines; 
i.e., all points on the 20-minute line are 20 minuteis. The solid portions of the 
curves in both the upper and lower quadrants show the region covered by ex- 
perimental data; the dotted portions are extrapolations. The equilibrium values 
which each curve approat^jes and which would be reached at infinite time are 
indicated after the symbol t=DO, 

From The Rate of Carbon MorMXide tljilake iir Normal Man; W. H. Forbes, F. Sargent, and 
F. J. W. Roughton; Page 594, Amerirain Journal of Phyaiology, Vol. 143, 1945. Reprinted with 
permissioii of thesatliorBand piiblislier. Copyrisiht tSiS, 



Figure 12-1. Uptake of CO by Man in Various Percentaies of CO and Rales of Ventilatian 
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represents complete saturation of the blood 
(Figure 12-1). When the blood saturation does 
not exceed 35%, the rate of uptake is repre- 
sented by a straight line and the following 
formula: 

A%COHb= 

total ventilation X CO cone, of air 
Ji. • 

Blood volume 

Assuming a blood volume of 6,000 cc and a 
respiratory rate of 20 Uters per minute (moder- 
ate exercise), if the permissible blood carbon 
monoxide be limited to 10 per cent saturation, 
then: 

20 parts CO per 10,000 can be breathed for 

5 minutes, 

15 parts CO per 10,000 can be breathed for 
6V2 minutes, 

10 parts CO per 10,000 can be breathed for 
10 minutes. 

For an individual at rest (ventilation 6 liters 
per minutes, pulse 70), the increase iii percent- 
age saturation of the blood with carbon mon- 
oxide (%COHb) is given by the concentration 
of carbon monoxide in the inspired air ( %C0 ) 
times Hie minutes of exposm-e (t) divided by 
0.3, or: 

A % COHb = % CO X — 

0.3 

Similarly, for light activity (ventilation 9% 
liters per minute, pulse 80), 
divide by 0.2 

For light work (ventilation 18 liters per min- 
ute, pulse 110), 

divide by 0.12 

For heavy work (ventilation 30 liters per 
minute, pulse 135), 

divide by 0.085 

At rest or during light activity, about 50% 
of the inspired carbon monoxide is taken up by 
the blood initially. Of the gas which actualh' 
enters the alveoli a much larger proportion, 
about 90%, is retained by the blood. Although 
carbon monoxide has a greater affinity to hemo- 
globin than does oxygen, the rate of dissociation 
of carboxy-hemoglobin is much slower. 

The affinity of human hemoglobin for carbon 
monoxide is 210 to 300 times its affinity for oxy- 
gen. The formation of carboxy-hemoglobin is 
favored by a reduction in the concentration of 
oxygen in the air and by an increase in the 
temperature or humidity. When any of these 
changes occur, or the amount of physical activ- 
ity is increased, the toxic effects of carbon mon- 
oxide occur more quickly. 

Strictly speaking, carbon monoxide is not a 
poison. It RcU rather as a tissue asphyxiant, 



accomplishing this function by a twofold action. 
First, by combining with the hemoglobin to the 
partial exclusion of oxygen, it interferes with 
the uptake of oxygen by the blood. Secondly, it 
causes a shift to the left of the oxygen dissocia- 
tion curve of the remaining hemoglobin and 
also makes the cinrve less S-shaped and more 
hyperbolic (Haldane efiPeet). Thus hemoglobin, 
which is partially saturated with carbon monox- 
ide, clings to its oxygen with increased tenacity, 
with the result that less oxygen is liberated to 
the tissues. Both phenomena combine to pro- 
duce hypoxia. 

Symptoms 

The structures which are most sensitive to 
anoxia, such as the central nervous system arid 
the myocardium, are the first to be affected. In 
order of frequency, the leading symptoms of 
carbon monoxide intoxication are: headache, 
weakness, veart^Q, neryotisness, dyspnea, pares- 
thesias, muscular twitchings, emotioiial disturb- 
ances, nausea, drowsiness, unsteady gait, neuro- 
muscular and joint pains, tremors, muscular 
cramps, coughing, sweating, vomiting, insomnia, 
anorexia, precordial distress, vasomotor instabil- 
ity, perversion of taste and smell, impairment 
of speech and hearing, hoarseness, and yawning. 

Among the ophthalinological manifestations, 
after long-continued or repeated exposure, are 
contraction of the visual fields, amblyopia, ani- 
socoria, retinal edema, diplopia, and neuroreti- 
nitis, which may be of especial significance to 
flying personnel. In cases of acute poisoning 
there are fewer symptoms, since unconscious- 
ness soon occurs. The greatest individual varia- 
tion in symptoms is encountered in those eases 
in which the exposure has been less severe, 
more protracted, and repeated. 

Blood concentrations of carbon monoxide up 
to 10% saturation usually cause tio symptoms 
under ordinary conditions (sea fevel, moderate 
physical activity, normal hemoglobin). With in- 
crea.sing blood saturation, symptoms appear, 
usually in the sequence shovm in Table 12-1. 
The approximate times required for the appear- 
ance of symptoms with exposure to varying 
concentrations of carbon monoxide are also 
shown in Table 12-2. 

Alittude and carbon monoxide. The haz- 
ard of carbon monoxide rises sharply at alti- 
tudes above sea level. Mild degrees of hypoxia 
caused by increasing altitude and small amounts 
of carbon monoxide, each of which might be 
harmless alone, may, when combined, cause 
serious impairment of efficiency as a result of 
the additive hypoxic effects. If a minimum 
blood O2 saturation of 85% is required for the 
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Less than 10 



None 



10 




No appreciable effect except shortness of breath on vigorous muscular 
exertion. 


20 




Shortness of breath, even on moderate exertion; slight headache. 


30 




Decided headache, fatiguabllity, irritability, impaired judgment. 


40 to 50 




Headache, confusion, collapse, and fainting. 


60 to 70 




Unconsciousness, respiratory failure, and deatli if exposure is prolonged. 


80 or more 




Rapidly fatal. 


Adapted from Noxious Gases and the Principles of Respiration Influencing their action, 2nd Edition, by Y. 
Henderson and H. W. Haggard by pemiission of Reinhold Publishing Corp. New York. Copyright 1943. 



Table 12-1. SymptDiiK of Various Blood Concentrations of CO at Sea Level 



% CO in Air 


Effects 


0.02 




Possibly headache, mild frontal in 2 to 3 hours. 


0.04 




Headache, frontal, and nausea after 1 to 2 hours; occipital after 214 to 
SVz hours. 


0.08 




Headache, dizziness and nausea in H hour; collapse and possibly 
unconsciousness in 2 hours. 


0.16 




Headache, dizziness and nausea in 20 minutes; collapse, unconscious- 
ness, possibly death in 2 hours. 


0.32 




Headache and dizziness in 5 to 10 minutes; unconsciousness and 
danger of death in 30 minutes. 


0.64 




Headache and dizziness in 1 to 2 minutes; unconsciousness and danger 
of death in 10 to 15 minutes. 


1.28 




Immediate effect; unconsciousness and danger of death in 1 to 3 

minutes. 


(Reprinted from Industrial Toxicology by Hamilton and Hardy, Second Edition, by permission of Paul B. 
Hoeber, Inc., Medical Book Department of Harper & Brothers, New York. Copyright 1949.) 



Table 12-2. Effects of Various Concentrations of CO In Air at Sea level 
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maintenance of flying efficiency, tiie ce0^ at 
which flights may be made without oxy^^m^ is 
reduced to below 10,000 feet when small con- 
centrations of carbon, monoxide are present. 

For example, a eQacenteation of 0.01% (100 
ppm) CO, relatively safe at ground level, re- 
duces the oxygenation of the blood by 10.5% 
and at 10,000 feet is superimposed on the re- 
duced blood Oa saturation occurring at tins 
altitude, resulting in a dangerous state of hy- 
poxia. This condition is of even more serious 
import in aircrew members who are heavy 
smokers, as such individuals may begin with a 
base Kne of 8% carbon monoxide saturation. 

Above 10,000 feet, when the demand oxygen 
is used, the dangers of carbon monoxide de- 
crease with increasing altitude. This is due to 
the fact that, as a higher percentage of oxygen 
is obtained from the demand system with in- 
creasing altitude, less of the atmospheric air 
and, consequently, less carbon monoxide is ob- 
tained. Thus, while p02 is maintained constant 
because of its proportionately larger volume in 
the inspired mixture, pCO declines, both be- 
cause of its decreasing percentage and the in- 
creasing altitude. Above 30,000 feet, where the 
demand system furnishes 100% oxygen, the 
action of carbon monoxide is completely pre- 
vented. 

Elimination. Some of the carbon monoxide 
taken up by the blood is converted chemically 
to other substances in the body; the remainder 
is excreted as carbon monoxide in the expired 
air. Yet, for practical purposes, the rate of elim- 
ination depends upon the respiratory volume 
and file percentage of oxygen in the inspired 
air. Breathing pure air at sea level, after 
absorption of moderate amounts of carbon mon- 
oxide, clears the blood of about one-half of the 
gas in one hour. Elimination is practically com- 
plete within 8 hours. Increased amounts of 
oxygen accelerate the rate of excretion of car- 
bon monoxide. When pure oxygen is breathed 
following exposure to the gas, the elimination 
time is reduced to an hour or less. Experiments 
have shown that oxygen under pressure, up to 
3 atmospheres, restores consciousness rapidly to 
dogs and guinea pigs which have been asphyxi- 
ated by carbon monoxide. 

PHOPHnrLAXis. When flying personnel suspect 
the presence of carbon monoxide in the plane, 
either because of the odor of exhaust gas or be- 
cause of untoward symptoms such as headache, 
nausea, dizziness, or dimming of vision, they 
should turn off exhaust heaters, if in use, and 
don oxygen masks with the Auto-mix of the 
regulator turned to the "off" or "100% oxygen" 
position. By so doing they will assmre them- 



selves profecMon from carbon monoxide by ex- 
cluding all cockpit air. 

Trecthnent 

If breathing is weak or has ceased, definitive 
treatment of carbon monoxide asphyxia by 
medical officers should include artificial respira- 
tion, the administration of 100% oxygen, and 
the application of warmth to the patient placed 
at rest. 

Oxides of Nitrogen 

Exposure to oxides of nitrogen may occur to 
personnel working in and around aircraft 
equipped with jet assist take-off units that em- 
ploy red or white fuming nitric acid as an oxi- 
dizing agent for the rocket fuel. The oxides of 
nitrogen resulting from the nitric acid or from 
the burning of nitric acid with fuel include 
nitrous oxide (N2O), nitrogen oxide (NO), 
nitrogen dioxide (NO2), and nitric tetroxide 
(N2O4). 

Nitrogen oxides are evolved when the fuming 
nitric acid reacts with organic material, or when 
it is exposed to air or diluted with water. 

Maximum allowable safe concentration for 
daily 8 bour exposure to nitrous fumes is ap- 
proximately 5 parts per million. Dangerous 
levels of short exposure to nitrous oxides (one- 
half to one hour) are approximately 100 parts 
per million. 

Reiatt™ importance. From the toxicologic 
point of view, nitrogen dioxide is the most im- 
portant of the oxides of nitrogen. Nitrous oxide 
and nitrogen oxide are relatively unnmportant. 
The concentrations of these gases, which are 
formed as a result of the combustion of nitro- 
genous materials, are too slight to produce their 
characteristic effects. Nitrous oxide, for exam- 
ple, exerts a narcotic action on the central nerv- 
ous system only when the gas is inhaled undi- 
luted or in high concentrations. Nitrogen oxide 
causes anoxia by the formation of methemo- 
globin and by depressing the respiratory center. 
Although its depressant effect in mice is more 
rapid and more pronounced than that of nitrous 
oxide, no poisonings from nitrogen oxide have 
been reported in humans. By contrast, many 
cases of poisoning from nitrogen dioxide have 
been observed. 

Phakmacology. These gases give little watu- 
ing and a man may, without serious discomfort, 
breathe an atmosphere containing concentra- 
tions of nitrous fumes suflBcient to cause death 
some hours later. When nitrogen dioxide is in- 
haled at body temperature, it is at once altered 
to a mixture of approximately 30% nitrogen 
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dioxide and 70% nitrogen tetroxide. The latter 
reacts with water to form nitric and nitrous 
acids: 

N2O4 + H2O ^ HNO3 + HNO2 
These acids may aceoant for tiie imtation of 

the mucous membranes of the eyes and upper 
respiratory tract which follows continued expo- 
sure to fumes of nitrogen oxides. 

Symptoms 

ActJTE EXPOSURE. In the acute nonfatal cases, 
headache, dizziness, cough, palpitation of the 
heart, and sometimes cyanosis, restlessness, and 
inability to sleep are common. In certain con- 
centrations, the workman may feel doped. 
This narcotic or depressive action sometimes 
retards the cough reflex, and the patient is not 
warned of the danger. Fatal poisoning may oc- 
cur even though there was little or no distress 
during the time of exposure. Burning in the 
chest, labored breathing and spasmodic cough- 
ing may indicate the development of lung 
edema. Pneumonia is a common sequela, 

Chbonic exposube. This leads to headache, 
sleeplessness, loss of appelate and weight, 
dyspepsia, constipation, ulcers of the mucous 
membranes, and erosion of the teeth. 

Treatment 

Any person suspected of having been exposed 
to nitrogen oxide should be put to bed for 24 
hours of complete rest. Heat should be applied 
to the body. If the respiratory rate is increased, 
oxygen should be administered by nasal cathe- 
ter or inhalation, preferably the latter. If cy- 
anosis is present, the oxygen should be in- 
Creased in concentrations sufficient to restore 
the patient's color to normal. 

Cardiac stimulants or drugs to increase the 
blood pressure should not be prescribed, nor 
should such drugs as morphine or barbiturates, 
which act on the respiratory center. 

AVIATION FUELS 

Aviation Gasoline 

Aviation fuel is a complex misture of alipha- 
tic and aromatic petroleum hydrocarbons and 
special additives such as tetraethyl lead and 
xylldine in varying proportions. Grades and 
types of aviation fuel used by the USAF are 
Hsted in Table 12-3. 

One gallon of gasoline, completely evapo- 
rated, will form approximately 30 cu ft of vapor 
at sea leveL These vapors are heaviet than air. 
Since they are readily absorbed by tibe pulmon- 



ary epithelium, their topcxty is a matter of 
practical importance. Untoward reactions have 
occurred among flying personnel who have been 
exposed to volatilized gasohne, 

It is possible that in the future it will be nec- 
essary to add xylene and/or toluene in amoimts 
up to 10% in some aviation gasolines. The need 
for aromatics will be dejjendent upon the grade 
and manxif acturing jrocess. 

Phaemacology. TTie concentration of gaso- 
line vapors which can be tolerated by man is 
far below that required to produce combustible 
or explosive mixtures vdtih air. If the concen- 
tration of gasoline vapor in air is high, absorp- 
tion by the lungs may be extremely rapid and 
symptoms may appear after only a few minutes 
of exposure. Even one-tenth of the concentra- 
tion necessary to support combustion or to form 
an explosive mixture is harmful, if inhaled for 
tm^e than a short time, and causes dizziness, 
nausea, and headache. Large amounts act as 
an anesthetic and cause unconsciousness. 

The maximal safe concentration for exposure 
to vapors of ordinary gasoline is about 500 parts 
per million, or 0.05%. Because of its content of 
aromatic hydrocarbons, however, aviation gaso- 
Une is probably at least twice as toxic. Further- 
more, because of the precise and frequently 
complicated activities which flying personnel 
are required to perform, even small amounts of 
gasoUne vapors in the plane must be considered 
dangerous. 

When fumes are detected, there is a psycho- 
logical excitability which, when coupled with a 
tojdcological excitability, can cause poor judg- 
ment on the part of the various responsible air- 
crew members. The added factor of pharma- 
cologic excitability has not been given enough 
consideration, although it has very probably 
been the cause of accidents attributed to pilot 
error. The fumes from gasoline, not being un- 
pleasant, do not cause enough concern to the 
aircrew. It should, therefore, be emphasized 
(hat when gasoline fumes are noted, the aircrew 
should use 100% oxygen to avoid inhalatioii of 
these fumes. 

Symptoms 

The symptoms and pathologic changes in- 
duced by gasoline are caused both by its irri- 
tant and its lipolytic actions. The action of the 
volatile, aliphatic, saturated hydrocarbons is 
essentially physiochemical. These compounds 
are highly soluble in fat and are absorbed par- 
ticularly in the lipoid constituents of the nervous 
system and the blood corpuscles, where they 
ex^rt their detrimental effects. Acute poisoning 
is marked by burning of the eyes, laerimation. 
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Tetraethyl Lead (cc/gal) 




SjiBciReation 


Grade 


Maximum 


Aromatlcs 


MIL-F-5572 


80 Octane 


0.5 


3-15% 




91/96 Octane 


4.6 


3-15% 




100/130 Octane 


4.6 


3-15% 




115/145 Octane 


4.6 


3-15% 


NHL-J-561B 


JP-1 


0 


0-20% 


MIL-F-5624a 


JP-3 


0 


0-25% 




JP-4 


0 


0-25% 


MIL-3-3056 


Motor Vehicle Gasoline 


3 


Varies by Process of 








Manufacture 


VU-M-561 


11 


3 


(None required by 








specification) 



Table 12-3. Grades and Types of Aviation Fuel Used by USAF 



and severe cerebral symptoms, such as restless- 
ness, excitement, disorientation; disorders of 
speech, vision and hearing; and convulsions, 
coma, and death. 

Tetraethyl lead. Tetraethyl lead, which is 
used as an antiknock substance, is very toxic. 
Poisoning from this substance may occur by 
absorption through the intact skin, as well as 
by inhalation of its vapors. Unlike inorganic 
lead, tetraeliiyl lead, an organic compound, pri- 
marily has a central-nervous-system efiFect in 
cases of poisoning. Insomnia, mental ifritability, 
and instability are noted. Lead encephalopathy 
with acute mania develops. In less dramatic 
cases, sleep may be broken with restlessness 
and terrifying dreams. Other symptoms include 
nausea, vomiting, muscle weakness, tremor, 
myfdgia, and visual difficulty. 

The amount of tetraethyl lead in aviation 
gasoline, about 4.6 cc/gal., is so small that a 
lead hazard through normal handling is remote. 
Poisonings encountered in the Air Force have 
been the result of entering gasoline storage 
tanks containing concentrated amounts of tetra- 
ethyl lead within the accumulated sludge. Also, 
maintenance such as welding, buffing, and 
grinding on i^gines which have burned leaded 
gasolines can result in significant exposure to 
lead compounds. 



JP Fuels 

JP fuels as used by the Air Force are classi- 
fied in three grades; JP-1, which is essentially 
paraffins, similar to kerosene and containing up 
to 20% naturally occurring aromatics; JP-3, 
which is a mixture of Vs fuel oil, % kerosene, 
and % gasoline and containing up to 25% 
naturally occurring aromatics; and JP-4, which 
has a narrower distillation range with up to 25% 
naturally occurring aromatics. Unlike aviation 
gasoline, JP fuels do not contain any tetraethyl 
lead. 

Recommended threshold limit for JP fuel 
vapors has been set at 500 ppm. Toxic effects 
occur below explosive levels; therefore, a toxi- 
cological problem exists even in the absence of 
a fire hazard. 

Inhalation of vapors can result in slight nar- 
cotic effects similar to that of other hydrocarbon 
vapors. The vapors can cause conjunctivitis. JP 
fuels may contain more toxic aromatics than 
aviation gasoline and therefore should be han- 
dled with the same precautions. 

Vapors of Hydraulic Flind 

A smaQ leak ham a hydraulic pipe or gauge 
under pressure may give rise to a finely divided 
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spray of fluid which diffuses quickly throughout 
the cockpit. Large leaks may result in the ac- 
cumulation of a pool of liquid on the floor. In 
either circumstance the cockpit air soon attains 
a high degree of saturation with the volatfle 
constituents of the hydraulic fluid. Their toxic- 
ity, therefore, is of interest. 

Two types of hydraulic fluid are currently in 
use in the Air Force: 

1. Fluid, Hydraulic, Petroleum Base, No. 
MIL-O-5006, 

2. Fluid, Hydraulic, Castor Oil Base, Spec, 
No. 3586G. 

Oil, Hydraulic, Aircraft, Petroleum Base is 
the hydraulic fluid which is used in virtually all 
USAF aircraft at the present time. There is only 
a very small tisage of the castor oil base hy- 
draulic fluid, primarily in certain trainer air- 
craft. 

Phabmacology. Important differences exist 
between the two types of hydraulic fluid with 
respect to the toxicity of their constituents. 
Fluid No. MIL-O-5606 consists essentially of a 
mineral oil base plus a viscosity index polymer 
and 0.5% tricresyl phosphate. Both of these 
substances are of relatively low volatility and 
their vapors possess only a low toxicity. On the 
other hand, Spec. No. 3586C contains, in addi- 
tion to a castor oil base, diacetone, butyl cello- 
solve, ethylene and propylene glycol, and octyl 
and isoamyl alcohols, in varying proportions. 

The volatile constituents, especially butyl cel- 
losolve, the glycol derivatives, and the alcohols, 
are toxic when inhaled. The alcohols, for exam- 
ple, are about 12 times as potent a narcotic as 
ethyl alcohol and, in addition, cause consider- 
able irritation of the eyes and respiratory tract, 
as well as headache and vertigo. The toxic ef- 
fects of Tjutyl cellosolve vapors also include irri- 
tation of the eyes and respiratory tract, head- 
ache, vertigo, and impairment of judgment and 
vision. Experimental animals have been killed 
within a few hours by a single exposure to air 
containing 3 mgm per liter ( about 700 parts per 
million) of butyl cellosolve. 

The toxic effects from inhahng the vapors 
of this hydraulic fluid are accentuated by in- 
creasing temperature or altitude, which serve to 
increase the concentration of the vapors. 

In addition to its hazards of greater toxicity, 
hydrauHc fluid No. 3586C {castor oil base) has 
a significantly lower flash point (115° - 140° F) 
than does Fluid No. MIL-O-5606 (200° F). 
This difference, coupled with its higher volatil- 
ity, causes it to be ignited more easily and to 
propagate its flames more rapidly. 



Coolant Fluid Vapors 

Coolant fluid, for use in liquid-cooled engines, 
consists of ethylene glycol diluted with varying 
amounts of water, up to 80%, according to the 
specific aircraft type. A small quantity of an 
inhibitor, designated as NaMBT, is present in 
the ratio of about 1 to 2,000, 

Ethylene glycol is toxic when ingested. Al- 
though fairly volatile, it does not exert any im- 
portant toxic effects through inhalation of its 
vapors. Even after continued exposure to ethy- 
lene glycol vapors over a period of several 
months, no deleterious effects result, except 
moderate irritation of the respiratory passages. 
No instance of intoxication from coolant fluid 
vapors in flight have been reported, 

Breaks in coolant lines frequently result in 
smoke in the cockpit, either from overheating 
or from the fluid itself. Smoke in the cockpit is 
always a matter of grave concern among pilots. 
It is not surprising, therefore, that in several 
instances pilots have abandoned their planes be- 
cause of coolant line leaks. The flash x^oint of 
ethylene glycol is 117° F. Yet the fire hazard 
from escaping coolant fluid is not great, espe- 
cially since the ethylene glycol has been diluted. 

Oil Fumes 

The oil hose connections in airplanes consist 
of various types of adjustable clamps, in con- 
trast to the pressure type connections used in 
the hydraulic system. Hose clamps occasionally 
break or come loose. When oil escapes on hot 
engine parts, smoke is often formed and finds 
its way into the cockpit. Armstrong has men- 
tioned several cases in which hot fumes were 
breathed during flight and noted that the symp- 
toms were similar to those of carbon monoxide 
poisoning, including headache, nausea, and 
sometimes vomiting, in addition to irritation of 
the eyes and upper respiratory passages. The 
specific chemical compounds responsible for 
these symptoms are not clearly defined, but 
they probably include methyl and ethyl alde- 
hyde, acrolein, and paraformaldehyde, which 
are the principal breakdown products of lubri- 
cating oil. 

Fire Extinguishants 

There are three chemicals commonly used in 
aircraft as fire extinguishants. Two are used In 
the fixed systems: carbon dioxide, Spec. 14069; 
and chlorobromomethane (CB), Spec, 14163. 
Hand extinguishers in aircraft contain carbon 
dioxide, or chlorobromomethane. CB has re- 
placed carbon tetrachloride in hand extinguish- 
ers used on aircraft. Hand extinguishers for CB 
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are one-quart capacity; the carbon dioxide ex- 
tinguishers contain 2.66 pounds. 

Carbon DioxroE. The initial effect of inhala- 
tion of carbon dioxide is noticed in concentra- 
tions of about 2%. Breathing becomes labored 
and the total volume is increased. Depth of 
respiration is markedly increased at 4%; at 
4.5% to 5% breathing becomes labored and dis- 
tressing to some individuals. Other efifects at or 
near maximum tolerance for voluntary subjects: 
failure of compensatory reactions aj concentra- 
tions of 5% to 10%; marked deterioration and 
inability to take steps for self-preservation at 
concentrations exceeding 10%. 

Signs and symptoms of poisoning. Carbon 
dioxide absorption will result in excitement, 
headache, vertigo, dyspepsia, drowsiness, weak- 
ness, (Bzziness, and mnstcnlar weakness. High 
concentrations may result in coma or death. 

Carbon tetrac™.oride. The least detectable 
concentration of carbon tetrachloride vapor 
which can be recognized by "smell" is reported 
to be about 72 parts per million (ppm) 
(.0072%). The maximum allowable safe con- 
centration for daily, 8-hour (chronic) exposure 
is generally set at 25 ppm (0.0025%). There- 
fore, if you can smell carbon tetrachloride in the 
air, it is unsafe for prolonged exposure. Concen- 
trations exceeding 1,000 ppm (0.1%) can cause 
symptoms of acute poisoning in a few minutes. 

The initial acute intoxication of carbon tetra- 
chloride is centered upon the nervous system 
where it exercises a narcotie action. Its secon- 
dary action is toxic and involves the kidneys 
and liver. A hepatorenal syndrome results from 
the toxic action of CCI4, whereby the kidneys 
are affected far more frequendy than the liver. 
The renal injury is essentially a destructive 
process of the epithelium, causing the stroma to 
escape. The liver is only infrequently affected 
by CCI4 and, when tihis involvement takes 
place, the injury is of a mild nature. 

Signs and symptoms of poisoning. Acute in- 
toxication is characterized by headache, dizzi- 
ness, drowsiness, and lassitude. In severe poison- 
ing there is nausea, vomiting, abdominal pain, 
and diarrhea. A few hours after exposure, the 
urine may become scanty and dark colored, 
and anuria may set in. The eyes are puffy, the 
ankles edematous, and the patient may become 
comatose. If the liver is involved, signs of jaun- 
dice will often be apparent. From then on, the 
course is typical of a toxic nephrosis and is usu- 
ally followed by recovery. If the optic nerve 
has been involved, Hmitation of the visual field 
may persist longer than the other symptoms. 



Chronic exposure may lead to headache, vertigo, 
loss of appetite, loss of strength, and a progres- 
sively acute sense of fatigue. Daily contact with, 
carbon tetrachloride may cause a scaling, fissure- 
like dermatitis, 

Ghlorobkomomethane (cb). This is a nar- 
cotic agent of moderate intensity but of pro- 
longed duration. It is therefore apparent that 
acute exposures to chlorobromomethane should 
be avoided. Exposure to high concentrations of 
the vapor cause such effects as staggering, un- 
coordination, stupor, confusion, headache, nau- 
sea, and dizziness. Chronic toxicity is very low, 
and adverse effects may not be expected from 
repeated exposures below .01%. 

In contrast to the intensity of the narcotic 
action, the acute exposure to chlorobromometh- 
ane is less liable to cause necrosis of the liver, 
as observed with carbon tetrachloride, although 
it may produce fatty degeneration of the liver. 
The chronic toxicity of chlorobromomethane is 
definitely lower than that of carbon tetrachlor- 
ide. The decomposed vapor is much more toxic 
than the undecomposed vapor. For example, the 
apjKOximate lethal concentration for rats for 
undecomposed vapor for a 15-minute exposure 
was reported to be 343 mg/1; for decomposed 
vapor (800° C) the reported approximate le- 
thal concentration for rats was 22 mg/1. When 
CB is heated to decomposition it emits highly 
toxic fumes of chlorides and bromides which 
are irritating and damaging to the lungs. Accu- 
mulations of these fumes wi&in smaE spaces, 
such as aircraft cockpits, can lead to serious 
consequences. 

HIGH ENERGY FUELS 

High energy fuels are a group of boron- 
hydrogen compounds which have a higher heat 
of combustion than presently used hydrocarbon 
fuels, and thus yield more energy per pound of 
fuel consumed. The utilization of these propel- 
lants in high performance aircraft significantly 
contributes to greater range, speed, and othcar 
performsuice characteristics of the weapons 
system. 

The boron hydrides, or boranes, most favor- 
ably considered as high energy fuels, are penta- 
borane and decaborane. 'V\^ile their use in 
aircraft is advantageous to operational capabili- 
ties it must be emphasized that they are ex- 
tremely toxic materials. In addition, diborane, 
a decomposition product of both boron hydrides, 
is likewise of toxicological importance. 

Phaemacology, Inhalation toxicAty studies in 
laboratory animals have indicated pentaborane 
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and decaborane to be central nervous system 
irritants and diborane to be primarily a pulmon- 
ary irritant. In addition <Jecabor£Bae lias pro- 
duced similar central nervous system effects fol- 
lowing absorption through the intact skin. On 
the basis of tojdcological data accumulated to 
date the foUowiog laajdmum allowable concen- 
trations of the boranes have been recommended 
for industrial environments: Diborane -0.1 ppm; 
Pentaborane - 0.01 ppm; and Decaborane - 0.05 
ppm. At Ihese threshold limits only decaborane 
is capable of detection by odor. 

Symptoms. In decreasing order of frequency 
the following symptoms have been experienced 
by individuals accidentally erposed to the bo- 
ranes in industrial and laboratory environments: 
dizziness and vertigo, tightness in the chest, 
headadiB, cough, drowsiness, nausea, nervous- 
ness and restlessness, fatigue and weakness, con- 
vulsions, and chills and fever. Interestingly 
enough central nervous system effects have 
been experienced by some individuals following 
exposure to diborane, and pulmonary symptom- 
atology has developed in others foUovidng expo- 
sure to pentaborane and decaborane. No deaths 
have been reported as a result of borane intoxi- 
cation. 

Treatment 

Management of the individual accidentally 
exposed to hi^i energy fuels should begin with 



the prompt removal of the casualty from tl 
area of contamination. If a spill has resulted ii 
bodily contamination the skin should be washed 
with copious amoimts of water, and clothing re- 
moved and decontaminated in a like manner. 
Induce vomiting if ingestion has occurred. If 
exposure has occurred by inhalation, oxygen is 
indicated. Symptomatic and supportive therapy 
will then bo determined by the pharmacological 
properties of the borane(s) to which exposed. 
No specific form of therapy is available. 

Prevention 

It is imperative that an active preventive 
medicine program be conducted on those bases 
where high energy fuels are employed. Ground 
personnel and aircrew members should be ad- 
vised of the toxic nature of these materials, 
symptoms of intoxication, and emergency first 
aid measures. Atmospheric detection devices 
have been developed and should prove useful 
in evaluating suspected areas of contamination 
on the ground and in crew compartments. 

Personnel entering contaminated areas should 
be completely clothed with fire retarding cover- 
alls, goggles, and neoprene gloves and boots. 
Respiratory protection can best be provided 
with an air-line respirator or the MSA Chemox 
(rebreather type) apparatus. 
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Nutrition is of basic importance to all fighting 
forces and has particular application in the 
USAF to flight requirements for aircrews. The 
feeding procedures which accomplish the goals 
of nutrition will be considered in three parts: 
the Ground Feeding Program, as related to per- 
sonnel garrisoned at Air Force Bases; the Flight 
Feeding Program, unique to airborne situations; 
and the Survival Feeding Program, which at- 
tempts to sustain nutritionally those airmen iso- 
lated in hostile or primeval territory. 

Ground Feeding 

The ground feeding of Air Force personnel is 
conducted in base dining halls or cafeterias oil 
a plan common with that of the U. S. Army. Un- 
der this system all ration supplies are procured 
and distributed through Army quartermaster 
channels, based on the variety of complete meal 
menus circulated months in advance by a Joint- 
Amay-Air Force Master Menu Board. These 
master menus are planned in accordance with 
the nutritional standards prescribed in AFR 
160-95, The dietary standards should be main- 
tained whenever later adjustments of the menus 
become necessary because of local climatic, 
personnel, or supply conditions. 

Final local changes in meal menus are au- 
thorized and should be coordinated by base 
menu boards on which the food service super- 
visor, commissary officer, and surgeon are repre- 
sented. This arrangement is designed to ensure 
. satisfactory ground feeding despite the com- 
plexiMea^and global scope of Air Force opera- 
tions. 

The principal standard ration for ground use, 
the Field Ration A, is the one normally issued 
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to Air Force units when both Icitchen and re- 
frigeration facilities are available. It includes 
many varieties of fresh, perishable food compo- 
nents, as listed in master menus and served 
regularly at bases in the Zone of Interior. When 
such perishables cannot be stocked at overseas 
or field locations, usually because refrigeration 
facilities are lacking, the operational B Ration 
is suppUed as the standard dining hall ration. 
The B Ration substitutes, canned or dehydrated, 
are nonperishable items of the same types as 
in the Field RatitMi A, for feeding groups of 
approximately fifty or more men. 

Smaller Air Force units, when separated from 
kitchen facilities for temporary periods, can 
subsist adequately on Ration, Small Detachment, 
5-in-l. Each packaged ration of this type pro- 
vides food for five men for one day and is eaten 
either hot or cold. Its use in the Air Force is 
usually limited to emergency reserves for ad- 
vanced radar and weather detachments, crash 
crews, and search and rescue operations. 

Other ground-type packaged rations, or spe- 
cialized supplements, are listed and described 
in T. O. No. 00-35A-36, "Operational Rations, 
Food Packets, and Supplements." These include 
Ration Supplements for hospitals or aid stations, 
the Ration, Individual, Combat, and Ration Arc- 
tic Trail. The last two named are primarily 
intended for Army field forces under combat 
conditions. They ate designed to provide 
food for one nian for one day, and apply rather 
infrequently to Air Force requirements. 

Flight Feeding 

Flight feeding is considered in three cate- 
gories: pre-flight, in-ffight, and post-flight. 
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These are specialized extensions to the basic 
program of nutrition on the ground. All have 
become increasingly necessary in recent years 
because of the extended ranges and perform- 
ance of modem aircraft. 

It is recognized that flying activities often in- 
terrupt and modify the fundamental living 
habits of personnel, including those of sleeping, 
eating, or drinking. The primary purpose be- 
hind flight feeding efforts is, accordingly, to 
assist aircrews and also aircraft passengers in 
their adjustment to these work demands. 

Field observations from various sources have 
indicated that "nonfeeding," or irregular eating 
practices over an extended period, contributes 
to fatigue, human error, and possible aircraft 
accidents. The value of flight feeding with re- 
spect to general bodily comfort and morale is 
even more commonly recognized. To promote 
the best in performance, the flight feeding sys- 
tem should properly "refuel" the human opera- 
tors with nutrients, on a careful and regular 
basis, just as an aircraft is refueled. 

The three categories of flight feeding are re- 
garded as consecutive phases, diff^ering only in 
details of purpose and methods of accomplish- 
ment. Pre-fhght and post-flight feeding are im- 
plemented through ground-kitchen facihties. 
They may be readily available and effective at 
some Air Force bases, but not available at 
others. In-flight feeding is comparatively more 
difficult because the limitations of aircraft re- 
strict food preparation and consumption. The 
two ground phases should therefore be planned 
to counterbalance and compensate for any in- 
flight periods of a marked nutritional deficit. 

Food servicing is often a matter of individual 
responsibility. Personnel frequently obtain sep- 
arate flight subsistence from Air Force supply 
sources, commercial stores and restaurants, or 
their respective homes. This means that all air- 
men should be trained to follow conscientiously 
a good dietary pattern. 

Pre-f fight Feeding 

EflFeetive pre-fliglit preparations require that 
each person boarding an aircraft .should con- 
sume a freshly prepared, balanced meal an 
hour or two before expected take-off. This usu- 
ally is a breakfast menu of fairly light propor- 
tions, even though it may be scheduled at vari- 
ous times of day or night. Under pleasant, 
unhurried eating conditions, a desirable relaxa- 
tion and a regularity of digestion are encour- 
aged. 

Fighter pilots and some bomber crews may 
require further diet control to reduce the inci- 
dence of gas pains and improve crew effective- 



ness at high altitudes. Specific fixed diets are 
not entirely satisfactory because of the marked 
variability in food tolerances and preferences 
between individuals. Meals fairly high in carbo- 
hydrates, and also free of foods producing 
flatulence or bulk in the colon, are considered 
generally acceptable. 

Items contraindicated, because they induce 
abdominal gas, include vegetables of the cab- 
bage family, dried peas and beans, beer or 
carbonated drinks, turnips, rutabagas, and 
other jaw fruits or vegetables which are fibrous. 
The chevnng of gum is also discouraged since it 
promotes air swallowing. Many fresh fruits and 
fruit juices are permitted and may prevent de- 
pletion of vitamin C from i»epeated altitude 
exposure. High-fat, heavily spiced, or poorly 
cooked food items are less readily digested and 
generally avoided by aircrews. Field reports 
indicate that the occurrence and severity of 
gastric distress in flying are quite low when 
moderate dietary precautions are taken, 

Alert-crew feeding is a special situation of 
pre-flight feeding. When crewmen are on alert 
crew status they are restricted to the alert crew 
hangar and must be ready at all times for imme- 
diate takeoff, AFR 146-16 authorizes local com- 
manders to establish special dining facilities for 
this situation, both pre-flight and post-flight. 
Food items authorized by AFR 145-11 and/or 
precooked frozen meals and food packets, indi- 
vidual, in-flight (IF), are authorized for alert 
crew feeding. 

In-flight Feeding 

In-flight feeding is a rather new development 
in comparison with other aircraft procedures. 
Early aircraft had short flight durations which 
did not require organized feeding in the air; 
but the importance and need for such provisions 
became apparent during World War II. The 
present concepts of in-flight nutrition have 
evolved from the increasing requirements of 
aircrews for longer missions, as the result of 
current range-extension developments. Some 
degree of in-flight feeding is now routine in 
most Air Force operations. 

The factors which influence the extent and 
success of food servicing in an aircraft are nu- 
merous, Meals eaten aloft are often a nutri- 
tional compromise with the practical realities of 
limited aircraft space, equipment, and other 
demands of the flying situation. Accordingly, 
no single method of in-flight feeding or stand- 
ard type of food packaging can completely 
fulfill all of the changing needs of flyers. The 
satisfactory feeding operation must feature 
simplicity, ease of support, and a variety of well 
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liked foods and beverages in attractive combi- 
nations. To some extent this requires a different 
"prescription" of meal types and food servicing 
equipment for each model of aircraft and also 
for each kind of flight mission. 

Air Force equipment directives plan for 
drinking fluids to be supplied in all aircraft 
capable of flying over three hours, in quantities 
of one quart per crew member or passenger 
for each sixteen hours of flight. Flight lunch 
storage and heating facilities are similarly sched- 
uled for aircraft with over six hours' flight dura- 
tion, on the basis of one added meal for each 
subsequent six hours. This criterion serves only 
as a guide for the initial authorization, design, 
and production of feeding apparatus or food 
packets. 

These planning figures will be much more 
flexible as the actual feeding practices are 
worked out within the operational Air Force 
commands. For example, the aircraft flight time 
has not proved a true index for in-flight feeding. 
The "flight duration" for this purpose should be 
the total time from the pre-flight breakfast (or 
last meal before takeoff) to the end of post- 
flight debriefing or interrogation. 

Field observations show trends in aircrew 
feeding habits that are common enough be- 
tween Air Force commands to be classed as 
"in-flight peculiarities." TTie appetities of crisw 
personnel usually decrease, especially in the 
final hours of long flights, and food items are 
regarded more critically. Features of the mili- 
tary aircraft environment, such as work concen- 
tration, noise, vibration, decreased oxygen, etc., 
all tend to reduce the digestive processes. The 
extreme tensions of air emergencies and active 
combat may completely inhibit gastric function. 

The taste acceptability of certain food items 
may differ between ground level and altitude, 
for reasons other than Jaded appetite, excite- 
ment, or fatigue stress. Some comparative ac- 
ceptance studies indicate that potatoes, vege- 
tables, and salads are rated about 20 per cent 
lower in the air than on the ground; soups, 
meats, fruits, and beverages are roughly com- 
parable in both environments; baked goods and 
desserts are highly palatable in all flight circum- 
stances. 

Monotony of diet ls a further in-flight prob- 
lem for aircrews, which does not apply to air- 
borne troops and passengers who travel less 
frequently. Passenger personnel generally con- 
sume heavier meals, presumably to relieve flight 
strain or tedium. Their eating also prevents the 
"emptiness" and other gastric discomfort which 
seemi to predispose to anfsidkness in certain sus- 
ceptible individuals. 



Approximately six hours are recommended 
between in-flight meals ( AFR 146-16), but small 
amounts of "free choice," sugar-yielding food 
supplement are desirable between the meal 
periods. Beverages are most important and 
should be freely available at all times. These 
factors are presented as a guide to the av^age 
in-flight practices of the majority of o;perationaI 
personnel, rather than as arbitrary and fixed re- 
quirements. 

Types of Meals Authorized 

To avoid excessive repetition in serving simi- 
lar meals, with resultant decreases in accepta- 
bility, the seven types of flight meals listed be- 
low are authorized. Other types of flight meals 
may be used only when authorized by Head- 
quarters USAF. 

a. Flight Meals Authorized for General Use 

These meals should be used interchangeably 
so far as flying schedules, special equipment 
and missions permit. 

(1) Food packet, indivtoual, in-flight, 
(if). This packet contains canned items and is 
designed for use from bases where fresh foods 
arc not available or cannot be stored in aircraft 
without spoilage. Each packet is a complete 
meal in itself, and ten different menus are as- 
sembled in the separate packets. Their storage 
stability is approximately two years. These in- 
flight food packets contain an average of 1,200 
calories. They have proved very acceptable when 
consumed at irregular periods. 

Each food packet contains four cans: one of 
meat, one of fruit, one of bread, and one dessert 
unit. The ten menus include five varieties of 
fruit, eleven kinds of meat items, and five des- 
sert selections. 



Specific components are: 
— Meats - 

Beef steaks 
Chicken 

Chicken and Noodles 
Ham and eggs 
Fried Ham 
Hamburgers 



Apricots 
Fruit Cocktail 
Peaches 

Cookies 
Fruitcake 
Pecan roll 



— Fruits 



— Desserts ■ 



Beef and Corn 
Ground meat and 

spaghetti 
Pork Steaks 
Turkey 
Tuna 



Pears 
Pineapple 



Pound cake 
Date pudding 



— Bread — 
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Figure 13-1. Indivtdui! In-fliKtit Packet 



In addition, eadi menu contains an accessory 
packet with individual servings of soluble 
cream, coffee and tea, sugar, plus chewing gum. 
The food items have all been cooked and may 
be eaten cold; but the flavor of the meat items 
and date pudding is enhanced by heating. Sev- 
eral types of food warming devices have been 
authorized for use on aii'craft. 

This food packet is the most versatile in-ilight 
meal. It is nonperishable and may be used in 
the majority of aircraft, is available on short no- 
tice through regular channels of supply (com- 
mis;saries, personal equipment offices, and/or 
flight kitchens), and requires a minimum of air- 
craft servicing equipment. 

(2) Precooked frozen meal. The main 
dishes of the precooked frozen meal are cen- 
trally procured and are issued through commis- 
sary supply channels. Supplemental items in- 
cluding bread, salad, beverage, and dessert, are 
issued by the flight kitchen to the crewman. 
There arc 12 menus available. 
Menu No. 

1. Turkey, lima beans, mashed sweet pota- 
toes, 

2. Swiss steak, peas, au gratin potatoes, 

3. Beef patty, green beans, mashed potatoes. 

4. Chicken breast and thigh, corn, oven- 
browned potatoes, 

5. Beef pot roast, mixed vegetables, oven- 
browned potatoes. 

0, Tenderloin steak, green beans, mashed 
potatoes. 

7. Chicken pot pie. 

8. Beef pot pie. 

9. Waffles, veal sausage patty, applesauce. 

10. Omelet, veal Sausage patty, sweet roH. 

11. Breakfast steak, cottage-fried potatoes, 
fruit compote. 

12. French fried chicken, steamed rice, 
stewed apricots. 

Menus 1 through 8 are dinner meals, 9 and 
10 are breakfast meals. Menus 11 and 12 can 



Figure 13-2. Two Types of Precooked Frozen Meals; Tray 
Type and Casserole Type. Both Meals Shown irithout 

Supplements 

be uised for breakfast or luncheon. Aircraft ovens 
and refrigerators are required for the storage 
and preparation of all menus. 

These meals are procured quarterly, and the 
cartons are dated when the meal is produced. 
For best acceptability, they should be consumed 
within 9 months from date of manufacture, 

A plastic vial, half filled with water and 
frozen in a vertical position, is placed in each 
case in a lateral position. If the ice has melted 
and flowed along the axis of the tube the meals 
are not to be consumed. The melted ice is evi- 
dence that the temperature has been high 
enough that Staphylococcal toxins may be 
present. 

(3) Sandwich meal. The Sandwich Meal 
is by far the most common type and is prepared 
as a standard Air Force package in dining halls 
or by special flight kitchens. It consists of fresh 
sandwiches, milk, canned juices, fresh fruit or 
desserte, plus additional items such as celery, 
pickles, and hard-boiled eggs. (See illustration.) 
Various nutritionally balanced combinations 
are oudined in AFR 146-16; but their essential 
freshness, appearance, and appetite appeal de- 
pend on the resourcefulness of the kitchen 
personnel. 

The most acceptable sandwiches are those 
containing sliced meats, chicken, or turkey; with 
bone, bone splinters, and inedible giistle re- 
moved. The sandwiches should be wrapped 
immediately after preparation in waxed paper 
sandwich bags, and refrigerated below 40° F 
until issued to crew members. No gravy, 
chopped egg, or chopped meat fillings should 
be issued because of the increased danger of 
bacterial food poisoning. 

After five or more hours at room tempera- 
tures, most types of sandwiches or other perish- 
ables can become unsafe for consumption 
through toxin production resulting from bacte- 
rial growth. Therefore, all sandwich cbmponents 
not consumed within 5 hours of preparation or 
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Figura 13-3. A Typical Sandwich Meal 



Figurg 13-4. FDll-PacIt Meat 



issue will be destroyed. The sandwich lunch 
is most useful in that it requires no installed 
aircraft equipment and is generally well liked if 
not too frequently repeated. Practically, it is 
limited to short flights or as the first meal of 
long missions. 

(4) Peecooked hot meal and breakfast 
MEAL. AFR 146-16 authorizes the use of both 
the precooked hot meal and the breakfast meal. 
These meals are rarely used in-flight, however. 
The precooked hot meal is prepared as a hot 
meal on the ground and is placed aboard the 
aircraft in an insulated container or warming 
oven. The meal is kept heated until con- 
sumed. This meal has poor keeping qualities. It 
is unpalatable if held too long, so it cannot be 
used in the later hours of a long flight. The meal 
is also unsatisfactory if takeoff time is delayed 
greatly. 

The breakfast meal consists of ready to eat 
brea:kfast items taken aboard for assembly in- 
flight. Breakfast meals are rarely required in- 
flight, since most passengers and crewmen de- 
sire heavier food by Ae time they are airborne, 
even on early morning flights. 

The precooked hot meal and breakfast meal 
should not ordinarily be considered for flight 
feeding except under unusual circumstances. 

( 5 ) Bulk issue fob peepaeation aloft. Au- 
thority is granted to issue, in bulk, the food 
components authorized in addition to those nor- 
mally stocked by the flight kitchen. For other 
types of flights, meals will be procured directly 
from the commissary store by the aircraft com- 
mander or his designated representative. 

b. Flight Meals Authorized for Specific Use 
( 1 ) Bite-size meal. The bite-size meal is au- 
thorized for jet aircraft when the serving of any 
other type of flight meal is not practical. All 
components must be "bite-size" and suitable for 
eating by hand. Each package will be clearly 
marked with the date and time limit of safe 
consumption. This meal wiU be consumed not 



later than five hours after preparation. The 
bite-size meal consists of the following compo- 
nents: 

Beverage Unit: Milk or juice. 

Meal Component; Cubes of cooked steak or 
other lean, tender meats. 

Dessert Component: Cookies or pieces of 
fruit, and candy. 

Optional Items: Gum, relishes, nuts, coffee. 

(2) Foil-pack meal. The foil-pack feeding 
system has been authorized for use at certain 
bases supporting particular type operations, 
such as radar picket patrol missions. This system 
is designed primarily for large aircraft where 
space and power are available and where 
weight is not a limiting factor. The Strategic 
Air Command first demonstrated the possibili- 
ties of this procedure, using the type B-4 oven 
supplied with B-36 aircraft. In their preliminary 
trials, a number of fresh-chilled food ingredi- 
ents were prepared and cooked with marked 
success in hand-assembled, altiminum-fofl pack- 
ages. 

This foil-pack meal at present consists of five 
menu items in separate containers: meat, two 
vegetables (potato and another vegetable), hot 
roll, and dessert, as shown in the illustration. 
Four breakfast menus are avaflable from the 
total of sixty-eight mentis that have been de- 
veloped. Except for the packaging of rolls, 
pies, cakes, and the searing of meat in ground 
kitchens, all items are packaged uncooked in 
separate, rectangular foil containers. These are 
sealed with a top cover, combined as a meal on 
single trays, and refrigerated (37°F) until the 
time of final cooking. 

The system utilizes three special articles of 
equipment: aluminum foil packs and crimp 
closure device, aircraft refrigerator, and oven. 
The meals, packaged very simply in ground 
support kitchens, are composed of the common, 
lower cost, dining hall subsistence supplies, and 
require minimum training and effort from air- 
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Figure 13-S. Insulated Jug with 
Capacity ol Two Galians 



Figure 13-7. Experimental Can- Piercing 
Drlnicing Device Showing "Closed 
System" Looped Driniting Tube 
for Equalizing Pressure Within 
Can 



Figure 13-9. Experimental Can-Piercing 
Drlnicing Device Siiowing Disposalile 
Moutiipiece, Proposed for Air 
Evacuation Patients 




Figure 13-6. Crew Position Water Bottle Assamiily 





Figure 13-8. Experimental Can-Piercing Drinliing Device, Complete Kit Assemliiy 
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crews. This meal has very high acceptability 
and is very popular at the installations using 
them. 

Beverages 

Dehydration o£ the human body results in 
lowered efficiency and is a serious factor for 

flight operations in hot climates or at high alti- 
tude. Cool water, coffee, tea, chocolate milk, 
tomato juice and fruit juices are all popular. 
Cool water should always be available, and 
other beverages should be available on missions 
of more than a few hours. Beverages should 
also be included with flight meals. However, 
gratuitous issue of government beverages to pas- 
sengers and crews between meals is not author- 
ized. 

The following liquid feeding equipment is 
available. One- or two-gallon containers are usu- 
ally used in passenger, cargo, and bomber air- 
craft where large numbers of people must be 
served and where mobility of crew members is 
permitted. The recommended two-gallon capac- 
ity container is the "Jug, Insulated, type CNU- 
2/C"; standard, specification MIL-J-25718, as 
illustrated. It Is rectangular in shape antd is fab- 
ricated of stainless steel; has an electrical ele- 
ment which will operate on either 28 Volts DC 
or 115 Volts AC, and is designed to keep liquids 
between the temperatures of 170° and 190° F 
as long as power is supplied. 

The jug can also be charged with wet ice to 
keep beverages cool. With an initial full charge 
of ice, at an ambient temperature of 90" F, the 
liquid temperature can be kept below 45° F 
for a period of from 16 to 25 hours. The type 
CNU-2/C jug replaces the type J-1 container 
with dry ice well, which is now limited standard. 

An alternate two-gallon container, which can 
be used when electrical power is not available 
or where a cylindrical shape is desired, is the 
type III, Grade A, Class 2 Insulated Jug de- 
scribed by specification MIL-C-3ie4. The con- 
struction of this container is also of stainless 
steel and is available in the one-gallon as well 
as the two-gallon size. The jugs are designed to 
keep beverages above an acceptably warm 
temperature for a period of at least six hours at 
an ambient temperature of 68-76° F. This type 
jug replaces the old type F-1 liquid containers 
which are now limited standard. 

Special equipment is available for fighter air- 
craft and for situations where the crew member 
must remain in a fixed position for an extended 
period of time. Crew position water bottle as- 
semblies, here illustrated, of the one-quart 
horizontally installed, and two-quart vertically 
installed types are now standard issue items. 




Figure 13-10. Tlie Five Components of a Single PDll-Pack 
Meal after Heating in a B-4 Oven and Removing the Foli Tops 



Each assembly consists of a stainless steel vac- 
uum bottle with cap, sealing gasket, and Spigot 
equipped with a vent tube to allow Hquid to 
drain from the bottle. 

The liquid outlet of the spigot is attached to 
a length of siHcone rubber tubing, having a 
teflon drinking probe. A handset valve is used 
to govern the flow of fluid. The container is 
mounted so that the liquid wiU flow by gravity 
to the point of consumption. The bottles are 
designed to keep liquids above an acceptably 
warm temperature for a period of at least six 
hours at an ambient temperature of 77° F. 

A device has been developed for piercing 
commercial juice and beverage cans and pro- 
vides for drinking the liquid directly from the 
ean. Refer to the accompanying illustration. 
This device is contained in the "Dispensing Kit - 
Liquid Can Piercing-Drinking" which is de- 
scribed by USAF Dwg. No. 54B3827. This par- 
ticular item is now standard issue, but is still 
under development and modification. 

Feeding Procedures and Equipment 

Details of completed developmental studies 
on feeding procedures and equipment are con- 
tained in Technical Memorandum Reports dis- 
tributed from the Wright Air Development Cen- 
ter. Some projects of more common interest are 
briefly discussed — for example, fighter in-flight 



AF MANUAL 1A1-1 



13-7 




Figure 13-11. B-4 Ovan with Fail-Pack Meals on Lower Shelves 




Figure 13-12. B-3 Oven with IF-Food Pacliet Cans In Place 
for HealiHE 
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feeding, foil-pack feeding system, food servicing 
equipment, and microbiology of flight meals. 

Fighter In-Flight Feeding is not ordinarily 
desirable or required because of the usual short 
duration of jet-fighter operations. However, air 
refueling or other range-extension techniques 
result in the need for cockpit feeding pi'ovi- 
sions. This prospect must be seriously consid- 
ered, even though it may apply to few models 
of fighter aircraft and for lirnited numbers of 
missions. 

Preliminary studies indicate that fighter in- 
flight feeding may be achieved satisfactorily 
with a reduced caloric intake, primarily of 
liquids through special dispensing apparatus. 

Further conclusions are reserved until firm 
operational requirements for long range fight- 
ers become more defiitite. It is expected that 
present experimentation will result in tested 
procedures being available for selection as the 
Air Force needs occur. 

Food Servicing Fquipiiient has been briefly 
referenced in preceding sections, but a number 
of additional items also exist, either as recently 
developed or previously standardized for air- 
craft supply. Whenever such apparatus can be 
made readily available to aircre\\'s, the occur- 
rence of in-flight feeding problems and defi- 
ciencies should proportionately dimiiiish. Princi- 
pal types of equipment items are listed in Taljle 
13-1, and are discussed in the following para- 
graphs. 

The B-4 in-flight feeding oven, as illustrated, 
is intended to be used to heat precooked frozen 
meals, foil pack meals and IF canned compo- 
nents in aircraft using 28 volt DC, 120 volt sin- 
gle phase AC and 208 volt three phase AC. The 
Oven has ^x removable shelves, each with a 
375-watt lieating element, which can be re- 
spaced or heated separately. There is a 175- 
watt heating element in the side wall to hold 
foods warm at 150-160° F. 

The maximum power drain of the oven is 
2425 watts. Its wdght is 21 lbs. The oven will 
warm six precooked frozen meals, six foil-pack 
meals or 18 IF canned meat components in a 
period of approximately tliirty minutes. Fur- 
ther information regarding the oven can be ob- 
tained from specification MIL-0-6438B (USAF) 
and technical orders 13B1-2-1 and 13B1-2-4. The 
B-4 oven is being replaced by a new, forced- air 
oven of superior design and versatility. 

The type B-3 oven, here shown, is designed 
for warming canned IF food packet compo- 
nents, and cans of "ready-to-serve" type soups 
in aircraft using either 28 volt DC or 115 volt 
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TabiB 13-1, *FDDd Servicing Equipment for Aircraft 



Bracket and Receptacle, Hot Cup, Four Unit, 28 volts, Type A-1 Spec MIL-B-7528 (Standard) 



Bracket and Receptacle, Hot Cjp, Single Unit, 28 volts. Type A-2 Spec miL-B-7526 CStarrdard) 



Bracket and Receptacle, Hot Cup, Four Unit, 115 volts. Type B-I Spec IVIIL-B-7527 (Standard) 



Bracket and Receptacle, Hot Cup, Single Unit, 115 volts, Type B-2 Spec IVIIL-B-7527 (Standard) 



Bracket and Receptacle, Hot Cup, 115 volts, Single Unit, Type B-2 Spec IVIIL-B-7525 (Standard) 



Cup, Food Warming, Electrically Heated, Aircraft, Type A-1 28 volts, Spec MIL-C-7615 (Standard) 



Cup, Food Warming, Electrically Heated, Aircraft, Type B-1 115 volts, Spec IVHL-C-7561 (Standard) 



Cups and Lids, Paper, Hot Food or Drink. Style A, 603 Spec UU-C-8344 (Commercial Standard) 



Dispenser, Paper Drinking Cup, Wall Mounted, Aircraft, 24 Cup Capacity (USAF Dwg No. 49D3786) (Experimental) 



Dispensing Kit, Liquid Can Piercing, Drinking (USAF Dwg No. 54B3827) (Standard) 



Jug, Insulated, Type CNU-2/C (2 GaL) Spec MIL-J-25718 (Standard) 

J jg. Insulated, Type 111, Grade A, Class 2, 1 Gal. and 2 Gal. Spec 1VIIL-C-3164A (Commercial Standard) 



Oven, Food Warming, Electrically Heatsed, Type B-4 Spec IVIIL-0-6438B (Standard) 



Refrigerator, Dry Ice, Precooked Frozen Food Storage, Type B-1, Weber Aircraft Corp., Burbank, Cal., Dwfg, No. R72202 (Com. Stand.) 



Refrigerator, Mechanical, Non Frozen Storage, 4 cu ft, Model SR-4, Dale Sales, Inc., Los Angeles, Cal. (Com. Stand.) 



Refrigerator, H/lechanical, f<on Frozen Storage, 6 cu ft, Model SR-6, Dale Sales Inc., Los Angeles (Commercial Stand.) 



Refrigerator, Mechanicai, Non Frozen Storage, 12 cu ft. Model SR-BA, Dale Sales Inc., Los Angeles (Commercial Stand.) 



Refrigerator, Mechanical, Frozen and Non Frozen Storage, 10 Cu ft. Model SR-10, Dale Sales Inc., Los Angeles (Commercial Stand.) 



Tray, Inflight, Food Servicing, Disposable Spec MIL-T-8166 (Commercial Standard) 



Water Bottle Assemblies, Crew Position, 2 qt Horizontal, Z qt Vertical, I qt Horizontal, 1 qt Vertical Spec MIL-B-25337 (Standard) 



^Subject to change. 
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single phase AC power. The capacity of the 
oven is eight cans which can be heated to palat- 
able temperatures in 10 to 20 minutes, depend- 
ing upon the initial can temperature. The type 
B-3 oven has a total wattage of 920, with one 
400-watt element embedded in each of two 
shelves and a 120-watt ^holding" element lo- 
cated in a side wall. Maximum weight of the 
unit is 8% pounds. The type B-4 oven, previ- 
ously desaribed, is recommended in preference 
to the type B-3 because of its greater versatility 
in heating different types of meals. 

Galleys 

Aircraft food galleys consist essentially of a 
framework incorporating a storage space, a work 
surface and various items of insert equipment, 
as the illustration shows. Specifications MIL- 
G-25608A and MIL-G-25607 cover respectively 
the design and testing of galleys. The current 
practice is to design a different gaUey in ac- 
cordance with the physical space available, and 
the feeding reqiurements on each type aircraft. 



It is recommended in specification MIL-G- 
25608A, that Insert equipment be seledted from 
the following list: 

a. Rectangular liquid containers in accord- 
ance with MrL-J-25718. 

b. Type B-4 ovens in accordance with MIL- 
0-6438. 

c. Hot cup brackets in accordance with 
MIL-B-7525, MIL-B-7526, MIL-B-7527, or MIL- 
B-7528. (Hot cup brackets may be designed 
into the galley with the approval of the procur- 
ing activity, ) 

d. Hot cups in accordance with MIL-C-7561 
and/or MIL-C-7615. 

e. Drinking cup dispensers. 

f. Refuse container and disposal facilities. 

g. Swing-a-way type, or equal, can opener. 

h. Refrigerator (mechanical, dry ice, or other 
approved type). 

i. Other insert equipment approved by the 
procuring activity. 

A water tank, sink or drainage part, and ac- 
cessory plumbing may also be included in the 
galley. 




Figure 13-13. Completaiy EqulppBd Galley 
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Hot Cupi and Brackets 



The type A-1 hot cup is designed to operate 
on 28-voIt DC, and the type B-1 hot cup is de- 
signed to operate on 115-volt AC. The cups 
have a capacity of 37 fluid ounces and are de- 
signed to provide hot \\'ater for reconstituting 
beverage concentrates; for heating two un- 
opened 211x304 single sb-ength soup cans or 
three 300 x 200 IF ration cans in boiHng water; 
and to warm liquid and semi-soHd foods di- 
rectly. 

Since aircraft facilities seldom permit ade- 
quate cleaning of food solids from the cup, its 
use for substances other than water is not rec- 
ommended. When filled to the brim with water 
at 70° F (ambient temperature 77° F) the cups 
are designed to heat the water to 212° F within 
ten minutes. One unit and four brackets with 
receptacles, timears, and warning lights are 
available for each of the 28-volt and 115-volt 
cups. 




Figure 13-15. Mechanical Refri(arator SR-6A 
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Figure 13-14. The Hot Cup, Mounting Bracket, ami Timer 



Mechanical Refrigerators 

The type C-1 mechanical sectional refrigera- 
tor has been succeeded by mechanical rnodels 
with better operating characteristics. The fol- 
lowing models, manufactuijed by Dale Sales, 
Inc., Los Angeles, CalWnd^, are now in use in 
the Air Force. 

Model SR-4 is a 4-cubic foot refrigerator de- 
signed to keep food life temperature range 
of 32-45° F. It has afsmsdl ice cube compart- 
ment. Outside dimensions /of the refrigerator are 
34%" high X 24" wide x 34" deep. 

Model SR-6 has d volume of 6 cubic feet. 
It will maintain food in/ the temperature range 
of 32-45° F, and will accommodate 52 foil pack 
or precooked frozen ipeals (providing condi- 
tions permit thkwihg pt the frozen meals). A 
forced air system circulation provides rapid pull 
down and even distribution of temperature. The 
box has no ice cube compartment. Outside di- 
mensions of the Arefngerator are 33" high x 27" 
wide X 18%" dei^p. A refrigeration unit 12-9/18" 
wide X 20y2" bigh x 18%" deep extends from 
either the lef^ or right side or from the rear 
panel. ' / 

Model SR-6A, here illustrated, has a volume 
of 12 cubic feet and consists of a basic SF-6 unit 
with a stacl?-on section of equal volume. The 
refrigeratof ,;is designed to maintain an internal 
temperati/re rangd of 32-45° F and to hold 104 
foil-pack/or precooked frozen meals (providing 
conditions perniit thawing of the frozen meals). 
The SR-fi^has the same rapid temperature puU 
down cha(racteristics as the model SR-6. Outside 
dimensiphs are 63" high x 27" wide by 18%" 
deep. It also has an additional refrigeration side 
unit sipailar to model SR-6. 
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Model SR-10 is a dual temperature refrigera- 
tor. The six-cubic-foot upper chamber can be 
regulated for +40° F or -10° F and will hold 
126 precooked frozen or 98 foil-pack meals. A 
lower 4-cubic-f oot section is adjusted for 40° F 
only, and is designed for the storage of milk, 
butter, fruits, bread, etc. Outside dimensions are 
58" high X 24" wide x 24" deep. A refrigeration 
unit 25" high x 24" wide x 11" deep joins the 
box on either the right or left side or the rear 
panel. 

Dry tee Refrigerator 

The type B-1 refrigerator is an insulated 
aluminum box that holds 60 pounds of dry ice 
in a center well, and 32 frozen meals on the 
sides. \^'hen packed in this way it will main- 
tain the meals between 0° and 20° F for 48 hours 
at an outside ambient temperature of 90° F. 

Minor Items 

A disposable pasteboard tray has been de- 
signed to accommodate IF cans, foil-pack, and 
precooked frozen meals. 

Packet, Accessory, In-Flight Feeding, Type I, 
is an accessory cellophane packet for use with 
precooked frozen and foil pack meals contain- 
ing plastic knife, fork and spoon, salt envelope, 
pepper envelope and paper napkins. The Type 
II Packet is intended for use with sandwich 
snack meals consisting of plastic spoon, salt en- 
velope, pepper envelope, and paper napkin. 

Some work has been done in the past to 
develop a disposable refuse container. Most 
galleys are now provided with a metal refuse 
container. It has been found that satisfactory 
watertight, disposable inner liners for the refuse 
containers can be made from polyethylene 
tubing, cut into lengths, and heat sealed on one 
end. 

Microbiology of Flight Meah. Food-borne 
infections are always distressing and become 
particularly serious when the symptoms develop 
during flight. These may occur whenever the 
perishable components of pre-flight and in- 
flight meals are improperly handled. Continu- 
ous preventive control is necessary, including 
ground kitchen sanitation and refrigerated 
storage of packaged in-flight meals on the flight 
line or aboard aircraft. This involves the time- 
temperature factors of bacterial growth in 
foods prior to consumption and also the design, 
use, and cleaning of all servicing equipment. 

Microbiological studies delineate the approx- 
imate temperature range of 50-130° F as the 
zone in which food infection organisms multiply 
and entesotoxin can be produced by miGro- 
organisms. The minimum incubation period for 




Figure 13-16. Refrieerator, with Center Well for Dry fee 



bacterial growth of hazardous proportions is 
generally five hours. The safe supply of perish- 
able flight foods therefore demands; sanitary 
practices to preclude inoculation of pathogens 
during ground stages of food preparation and to 
reduce all bacterial contaminants in number; 
holding at incubation temperatures (above 50° 
F) not longer than five hoius before consump- 
tion; and maximum use of refrigeration (below 
50° F), or alternatively heating to above 130° 
F for continuous periods before serving. 

These principles apply to any type of in-flight 
perishable meal items (for example, sandwich- 
es, snack lunches, and hot meals), whether 
originating from flight kitchen, commercial 
courses, or household supplies. Individual pack- 
aging in disposable, sanitized containers is a 
desirable supplementary protection in \'icw of 
the limited hygienic facilities of military aircraft. 

Repeated bacteriological analyses have been 
made on the perishable in-flight foods, espe- 
cially the more complex precooked frozen meals 
and foil-pack meals. The bacterial counts are 
sufficiently low to indicate minimal hazard in 
such feeding, provided that carefully organized 
supply procedures are followed. Aircraft food 
heating equipment also provides temperatures 
above 16S° F which inhibit and often destroy 
food bacteria of pathogenic significance. How- 
ever, such high temperatures will not inactivate 
the more stable enterotoxins if already formed 
in food prior to heating. Complete cooling or 
freezing is the essential for aU protracted peri- 
ods of transport and storage. 

The establishment of consistent bacterial safe- 
guards greatly determines the types of food 
perishables that can be utilized in aircraft. This 
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is dependent upon the efforts and training of 
personnel directly responsible for the conduct of 
flight feeding in the operational commands. 

Post-flighf Feeding 

The post-flight phase depends considerably 
upon the pfaysi<sil and mental condition of the 
returning airmen, as affected by the operating 
and nutritional demands of the completed 
flight period. Post-flight feeding stimulates both 
physiological processes and morale, helping to 
shorten time lost between missions and to pre- 
vent chronic fatigue. For these reasons, it should 
not be long-delayed, and convenient flight-line 
kitchen faciHties are a requisite. 

One purpose of eating at this time is to relax 
tensions induced by long hours of alert concen- 
tration or other fatiguing ffight pressures. Ex- 
treme cases may justify the special provision of 
some light refreshments (for example, bever- 
ages, ice cream, or juices ) before or during such 
post-flight duties as interrogations. This would 
be preliminary to a later nipre complete dinner 
meal in which protein is predominant in the 
menu. Some degree of feeding is routinely indi- 
cated as the first measure of rest and recuper- 
ation. 

Survival Feeding 

Survival situations are those emergencies of 
bailout, ditching, or other forced landings into 
primitive isolated regions or behind enemy lines. 
In the "struggle for existence" toward escape 
and ultimate rescue, the availability of water 
and food may be critical. The emergency para- 
chute kits, or life rafts and clothing stowed in 
military aircraft, are accordingly designed to 



carry the equipment and the foods necessary 
for survival. 

It is anticipated that survivors wfll undergo 
some water imb^anoe and caloric deficit, rang- 
ing downward to possible starvation levels. This 
\vill be alleviated over protracted survival peri- 
ods only to the extent that nutrients can be for- 
aged from the surrounding terrain. For this 
reason, such items as desalting kits, fish hooks, 
and hunting gear are included in emergency 
packs to assist the more fortunate and resource- 
ful airmen in "living off the land." 

Where the environment is completely non- 
productive, the survival-energy potential is lim- 
ited to the water and food substances that can 
be carried individually. Special survival-type 
food packets have been produced specifically 
to maintain physical condition and morale over 
the longest possible periods. These are all con- 
centrated foods designed to occupy minimal 
space in survival packets. The food items are 
tested for their ability to sustain life in different 
climatic conditions and for general storage sta- 
bility which must exceed two years. For addi- 
tional information on survival packets, refer to 
Chapter 14. 

The Feeding of Patients 

Flight feeding facilities in the Air Force are 
responsible for the preparation and handling of 
regular flight meals for hospital patients aboard 
aeromedical evacuation aircraft in the continen- 
tal United States and overseas. The aeromedical 
evacuation control officer, or the aeromedical 
evacuation coordinating officer, as defined in 
AFR 160-52, is responsible for procuring re- 
quired modified diet items and/or meals from 
tibe hospital food service. 
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ttaiar skmU msmm ammqf ^ Ssted rduemtes. 

AFR 146-16 Flight Meals 

AFR 146-3 Duties of Food Staff Officer and Food Service Officer 
ASM 160^ Medical ^^edts of Food Service (Food Foisonmg and Food In- 
spection ) 
AFR 160-95 Nutrition 

Re-port of Flight Testing Experimental Equipment for In-FIight Feeding of the 
Fighter PUot, Tactical Air Command Surgeons Bulletin, Vol. IV, No, 1, (Jan 
1954). 
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Aeromedital Aspects 
of Rescue and Survival 



^1 



L.J 



There are several reasons why Flight Sur- 
geons and other USAF medical officers should 
be familiaf with the rescue program of the Air 
Force and with the principles of survival: 

1. Medical participation is required in many 
rescue missions. 

2. Medical participation is required in training 
programs of rescue and survival. 

3. Personal interest in self-preservation. 

The basic information on survival, sufficient 
for practically any situation, is contained in 
AFM 84-5 which should be included in all sur- 
vival kits. Study of this manual, or of any newly 
revised edition, should be included in any train- 
ing program on survival. 

The Rescue Program in the USAF 

The need for organized rescue effort was 
recognized during the Battle of Britain, in 
World War II, when ft was found that a large 
proportion of "downed" flyers could be retrieved 
from the English Channel with boats and sea- 
planes, provided systematic communication, 
search, and survival methods were used. To save 
lives and to minimize losses of expensively- 
trained crewmen, when time and specialized 
manpower were of prime importance, U. S. 
forces organized air rescue squadrons. Hiese 
were trained to carry out aerial and surface 
rescue missions in all parts of the world — in arc- 
tic, temperate, and tropical climates. These units 
mtte placed under control of the respective 
theater cotniUanders, to be employed as re- 
quired in the various theaters. Following the 
termination of hostilities in World War II, all 
rescue units were gradually incorporated into 
the Air Rescue Service, which is a subordinate 



command of the Military Air Transport Service. 
Air Rescue Service activities include a head- 
quarters and a number of air rescue groups. 

The ARS headquarters exercises command 
jurisdiction, administrative supervision, and 
technical control of field activities, standardiz- 
ing these procedures so that they are now essen- 
tially the same throughout the world. Opera- 
tional control and logistic support of the Air 
Rescue squadrons, however, are delegated to 
tlie respective theater air commanders in over- 
seas areas. 

Services of the ARS are available, not only 
to the Air Force, but to the Army, Navy, Ma- 
rines, Coast Guard, civil aviation, and also to 
civil and military aviation of other nations upon 
request. During combat operations, close sup- 
port is necessary, and special missions are fre- 
quently required, such as aircrew pickups from 
enemy territory, and forward air evacuation for 
the seriously wounded. 

Equipment 

Each Air Rescue Service squadron is nonnally 
equipped with conventional major search type 
aircraft and helicopters. The numbers of each 
type aircraft assigned to a squadron vary with 
the type and frequency of missions which have 
been, or may be encountered by the squadron. 

Peisonnel 

Due to personnel reductions the only Flight 
Surgeon now authorized is at Air Rescue Serv- 
ice Headquarters. His duties are essentially the 
same as those of the former group surgeon, ex- 
cept that he assists more squadrons. 
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ORGANIZATION OF A 
RESCUE MISSION 

1. The Alert: When a communications search 
is being accomplished by an appropriate flight- 
following agency, normally USAF Flight Serv- 
ice, Air Rescue Service is notified. Then the 
result of the communiGations search is negative, 
the flight-following agency declares the aircraft 
as overdue. 

2. The Search: Upon receipt of an "overdue 
aircraft" message, the Air Rescue Service unit 
initiates action to conduct an extended commu- 
nications ^eareh by contacting all facilities not 
served hf jacunal Flight Service or CAA com- 
munications systems. Ati aircraft is declared 
missing when the result of this extended com- 
munications search is negative. When the air- 
craft is reported as "missing", or is known to 
have crashed, a rescue vehicle is dispatched 
and the search for survivors is underway. The 
rescue mission commander will assign search 
ajreas to the mission aircraft crew commanders 
in accordance with the dictates of the mission, 

3. Rescue: Para-rescue teams enter the disas- 
ter area by the quickest practical means 
(parachute, surface, or helicopter) dictated by 
local conditions. When immediate evacuation of 
survivors is not practical, medical aid and pro- 
tection from the enviroimient is provided the 
survivors by the rescue team until the survivors 
can be evacuated, 

Principles of Survival 

To improve their pro.spects of rescue follow- 
ing emergency descent, all personnel should be 
aware of the basic principles of survival. 

The greatest hazard, in a survival situation, 
is not wild animals, exposure, or starvation. It 
is FEAB. Fear destroys a man's ability to cope 
with other hazards in an intelligent manner. 
Individuals who make an emergency descent 
in a strange terrain suffer from what is some- 
times called "mental shock," which is character- 
ized by fear of the unknown, confusion, inde- 
cision, and inability to organize activity or to 
make a sensible plan of action. This syndrome 
lasts for varying periods. In those who are aware 
of the principles of survival, the period is short. 
In others who are unprepared for emergency, 
fear and confusion are likely to jeopardize their 
prospects of survival and rescue. 

This is the fundamental principle to be em- 
phasized in survival training: A man can sur- 
vive in ptdctically any climate or environment, 
even thougji he has but a minimum of equip- 
ment, if he makm proper use of that equipment 
and taJces proper advantage of his surroundings. 



Pre-Flight Survival Precautions 

1. Survival kits and equipment must be appro- 
priate for the area of operations ( climate, geog- 
raphy); they must be readily available to flying 
personnel; they must be checked daily and in- 
spected at scheduled intervals to make certain 
that individual items are not missing. 

2. If survival Idts are not worn on the person, 
they must be properly stowed aboard the air- 
craft. They should be secured in a manner 
which would permit rapid removal. In large air- 
craft, they should be distrihuted in several lo- 
cations. 

3. Flying personnel should be trained in the 
use of their survival equipment as applicable to 

the areas covered by their missions. A single 
briefing is not satisfactory. The Flight Sur- 
geon, working with the survival training and 
equipment officer, should see that actual train- 
ing is given. It should be the duty of the Flight 
Surgeon to see that first-aid equipment in the 
aircraft and in survival kits is adequate for the 
terrain. 

In-Flight Survival Precautions 

1. Clothing, shoes, and equipment appropriate 
to ground survival in the area should be worn 
in flight. In flights over arctic areas, the wearing 
of heavy clothing necessitates keeping the in- 
terior of the aircraft sufficiendy cool so that 
perspiration and overheating are avoided, 

2. The pilot should alert the crew and passen- 
gers at the slightest indication of an emergency, 
rather than waiting until the emergency has 
clearly developed. 

3. Except in combat, the pilot should remain on 
his predetermined course, and should maintain 
reasonable radio contact. 

4. In case of emergency, crash landings are 
generally preferable to bailouts. Bailout may be 
preferable, however, in case of structural failure, 
uncontrollable fire, lack of visibility, or terrain 
where safe crash landing is impossible. 

Survival Procedures After Descent 

Principles and techniques for survival in var- 
ious land areas and at sea are covered in the 
Survival Manual, which should be studied by all 
personnel before an emergency arises. 

Survival Kits 

Several agencies in the USAF have partici- 
pated in the development of survival kits, and 
research on siuvival equipment is going on con- 
tinuously. 
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Survival kits are not always furnished as com- 
plete prepackaged kits, but are often assembled 
at base level as directed by the Base Command- 
er. T. O. 14S1-3-S1 covers base assembly of 
kits, and section VI lists a suggested series of kits 
and containers used under various climatic con- 
ditions. All personnel should familiarize them- 
selves with the survival equipment locally avail- 
able. Each individual should make certain that 
his kit contains the essential items, and that he 
knows how to use all items at his disposal. 

Survival kits may be classified according to 
the mode of use: 

1. To be used on the person: 

a. Seat-pack type kits. 

b. Back-pack type kits. 

2. To be dropped by parachute. 

Kits are classified according to areas (arc- 
tic, ocean, etc.); some are designed for global 
use. 

The contents of survival kits are varied, de- 
pending on the local climatic conditions and 
the type of terrain over which missions may be 
flown, as well as on space available. Most kits, 
however, contain representative items from each 
of the following categories: 

1. Water supply (for use in desert and life- 
boat ) — contains cans of watef , desalinating kits 
and solar stills for use in liferafts, and plastic 
water bottles (in most kits). 

2. Clothing — socks, gloves, underwear; in 
some kits. 

3. Sleeping bag — the vacuum-packed down- 
filled bag is one of the important items in an 
arctic kit, although a satisfactory substitute may 
be improvised from a parachute. 

4. Signaling equipment — signal mirror, col- 
ored tarpaulin, pyrotechnics, radio equipment, 
and flashlights. 

5. Fire-making or cooking equipment — 
matches, gasoline stoves in larger kits, cooking 
utensils in certain large kits. 

6. Tools — pocketknife, machete for tropics, 
snow-saw for arctic, file, pliers, hatchet, whet- 
stone in certain kits. 

7. Medical items — first-aid kits, chloroquin 
for tropics, repellents, globaline tablets, head- 
nets, as well as other items. 

8. Emergency rations. 

9. Equipment for procurement of food - 
snares, fishing kit, and weapons (.22 Hornet 
rifle, .22/.410 over-under combination weapon, 
and others). 

10. Compass and other navigational equip- 
ment. 

Emergency Rations 

Like survival kits, emergency rations are 
subject to continuous research and improve- 



ment. Table 14-1 and the foUovfirig paragraphs 
give information on rations contained in sur- 
vival packets. The contents of these packets are 
subject to diange, but are typical of the items 
found in survival packets. 

Food Packet, Individual, Survival, SA, is a 
standard ration packet designed for use with a 
water supply of at least one quart per day in 
arctic areas. The SA includes two cereal bars, 
two fruit cake bars, two cheese bars, three choc- 
olate bars, one starch jelly bar, several coffee, 
tea, and cream packets, sugar, and gum. The 
total number of calories per packet is about 
2,000 with a caloric distribution of 8% protein, 
52% carbohydrate, and 40% fat. Each packet 
weighs about IV4 pounds, and the dimensions 
are 6%" x 41/4" x 

Food Packet, Survival, ST, is the standard, 
aU-carbohydrate ration, for primary use in tiop- 
ical or temperate areas where water may be 
severely restricted. The pure carbohydrate diet 
is of physiological benefit because of its water- 
sparing characteristics, and it also provides a 
substance other than stored fat on which the 
body can draw for energy. The ST packet in- 
cludes eight starch jelly bars, six en\T>loi:ies of 
powdered beverage concentrates, and three mul- 
tivitamin tablets. The 1,730 calories are packed 
in a 6%" x 4Vs" x 1%" sealed tin container, 
providing food for one man for three days. 

Ration, Surviml, Individual. The so-called 
"pemmican" type ration is a standard packet for 
survival training, indoctrination, and limited 
arctic use. It contains five dehydrated meat 
bars, two cereal bars, two fruitcake bars, sugar 
cubes, and powdered beverages. It provides 
about 3,500 calories with a caloric distribution 
of approximately 24% protein, 19% carbohy- 
drate, and 57% fat. It is packaged in two metal 
containers, one 6%" x 4Vs" x and one 

33/4" X IWw" X 3%". Each ration (two cans to- 
gether) weighs about 2 poiuids and 1 ounce. 

The high caloric density of this ration results 
from the high fat content, and because of this, 
the initial palatability is often quite low. The 
meat-fat bar has an interesting but controversial 
history dating back to the pionew days and re- 
lated to arctic exploratory expeditions. Some 
personal experiences and benefits attributed to 
this ration are recounted by Vilhjalmir Stefanson 
in the book, "Not by Bread Alone," pubhshed 
by the MacmiUan Company in 1946, Kark, 
Johnson, and Lewis, on the other hand, found 
the ration almost valueless in Army field tests 
(War Medicine, Vol. 7, p. 345, 1945). 

Efforts are continuing to develop one "all- 
purpose" survival food packet which can suc- 
cessfully fulfill the military requirements re- 
gardless of climatic conditions or environment. 
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Tabl* 14-t. SBfVlnf FMd PackMs 



Ration Type 


Wgt. si One 
Packet (Lbs.) 


Rations (Number 
Per Pkt.) 


No. Pkts. 
Per Case 


Wgt. of Case 
of Rations (Lbs.) 


°^ 

as ■ — 

« " 

= " 


Minimum Caloric 

Value Per Ration 


Components 


Utilization 

W 111 JwH null 


FOOD 

PACKET 

INDIVIDUAL 

SURVIVAL. 

SA 

(Standard) 


1.25 


1 


24 


36 


0.7 


1670 


Compressed cereal, fruit & nut bars 

Starch jefly bars 

Cigarettes, matches 

Bouillon powder 

Soluble tea & coffee 

Sugar 

Polyethylene bag 

Pamphlet of survival instructions 


Developed to provide sustenance in 
survival emergencies; specifically 
d^gned to maintain survival efficiency 
when eaten by one man in one day. 
Edible wittiout preparation or may be 
mushed into soups if water supply is 
ample. The ration should be waived 
whenever it is possible to live off 
thelaffil. 


FOOD 
PACKET 
SURVIVAL, 
ST 

(Standard; 


1.62 


3 


24 


39 


0.S 


1740 


Starch jelly bars 
Soluble coffee 
Soluble tea 
Sugar 

Chewing gum 

Water purification tablets r 
Survival instruction shek 
Vitamin tablets- 


Developed to provide sustenance in 

survival emergencies; specifically 
designed to maintain survival efficiency 
when eaten hy 3 men in 1 day or by 
1 man in 3 days. Edible without 
preparation; beneficial even when 
w^er supply is limited. May be used 
with otho- foods but stmiki be saved 
for later use if sufficieit <rth«rfood 
is available. 


RATION 

SURVIVAL, 

INOIvmUAL 

(2 containers) 


LEO 


1 


n 


26 


0.7 


3400 


Meat bars 
Cereal bars 
Fruitcake Inrrs 
Sugar 

Soluble coffee 
Soluble tea 


Developed to provide sustenance in 
survival eniereeiid^ spedfically 
deagned to maintain ainrival effidency 
when water supply is ample and hard 
work is required. Other food stMuM 
be used when available. 


Consult current technical ordeis ft* latest infennatioii an types and specifications. 



iftt^ sb o M iKun antmf tl BsltJ r^mmat. 

AFR 20-54 Air Rescue Service. 

AFM 64-2 National Search and Rescue Manual. 

AFM 64-3 Sur\ival — Training Edition. 

AFM 64-4 Handbook for Personal Equipment Personnel. 

AFM 64-5 Survival, 

AFM 64-6 Aircraft Emergency Procedures Over Water. 
AFM 64-15 Survival Uses of tlie Parachute. 
AFM 200-132 The Polar BibUography. 

Armstrong. H. G.: Aerospace Medicine, Chapter 20, "Escape, Survival and Res- 
cue," Baltimore, The Williams and Wilkins Co. (1961). 

Dupree. Louis: "The Water Survival Field Tests," ADTIC Pubhcation G-107, 
Arctic, Desert, Tropic Information Center, Air University, Maxwell AFB, Ala- 
bama (1958). 

Krizek, D. T.: "An Annotated Bibliography of Basic and Combat Survival," 
ADTIC Publication G-110, Arctic, Draert, Tropic InformaticHi Center, Air Uni- 
versity, Maxwell AFB, Alabama (1^1959). 
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Pressure Suits 



1 ) 



High altitude pressure suits have been de- 
veloped to provide emergency pressurization of 
the aircrew member when the primary pres- 
surization system fails. At present, high altitude 
pressure suits must be worn when a pilot an- 
ticipates that his flight plan will involve flying 
at an altitude in excess of 50,000 feet. 

The concept of an emergency pressure suit 
ori^riated with Haldane in 1922, The first pres- 
sure suit to be constructed prOtectiSd a pilot at 
a simulated altitude of 84,000 feet in 1933. Five 
separate nations had constructed and used 
emergency pressure suits by 1940. All erf these 
pressure suit ensembles were unwieldy and a 
hazard to safe flying. Research and develop- 
ment which continued during World War II 
eventually produced several types of ensembles 
which appeared practicable by 194S. 

METHODS OF PRESSURIZATION 

Three classic methods are used to deliver 
pressure to the body in the various pressure suit 
ensembles. They are: gas pressure applied di- 
rectly against the body; gas pressure in a syn- 
thetic rubber bladder which has been secured 
close to the body; gas pressure delivered to an 
expandable rubber tube which causes nylon 
fabric to tighten over the body. Full pressure 
suits utilize the principle of applying gas pres- 
sure directly against the body. The gas is re- 
tained by a synthetic rubber suit and a fiberglass 
helmet. 

Bladder suits utilize the principle of applying 
gas pressure directly against the body. The gas 
is retained by a synthetic rubber suit and a fiber- 
glass helmet. Bladder suits utilize the principle 



of applying gas pressure to the body through 
the means of a synthetie rubber bag. The rubber 
bladder is tailored to the body and overlies the 
underwear. A nonstretching nylon outercovering 
prevents overdistension of the rubber bladders. 
The capstan pressure suit ensemble employs all 
three classical methods of delivering gas pres- 
sure to the body. 

The head is pressurliaed by air. The torso is 
pressurized by bladders and capstans. The arms 
and legs are pressurized by the capstan device. 

The Capstan Device 

The capstan device was developed in 1943 
to avoid the problems of heat and immobihty 
when using rubber G suits. When an appropri- 
ate tension is dehvered to nonstretching fabric 
which surrounds a limb, a suitable pressiuization 
will be delivered to the skin by the fabric. Suit- 
able tension can be delivered to the fabric 
through tightening of interdigitating nylon tapes 
which surround an expandable rubber tube. 
Appropriate skin pressure is maintained by de- 
livering the correct pressure into the rubber 
tube of the capstan. 

Capstans are small to avoid bulk. They 
have been designed so that the radius of the 
capstan at any level of the tapering limb will 
approjdmate one-fifth of the radius of the 
limb. It is established that F^X R,. - PiXR, 
where Pc is the pressure in the capstan. Re is 
the radius of the capstan, Pi is the pressure on 
the limb, Ri is the radius of the limb, 3ince de- 
sign criterm have established the ratio of 1 :S for 
capstan to limb radius, then: Pi = Pc 

"5 

It is apparent l3iat if one desires to produce a 
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SUIT COUNTERPRESSURE 
(Very tight) 

INTERDIGITATING BANDS I 




5 PSI intake produces 1 PSI counterpressure 
Dfi body by tightening suit 

UNINFLATED SUIT INFLATED SUIT 



Figure 15-1. The Capstan Principle — Cross Section of Pressure Suit Tlirough Exliemity 



limb pressure of 100 mm. Hg he must deliver a 
capstan pressure of 500 mm Hg. (See Figure 
15-1, The Capstan Principle.) 

The Pressure Regulator 

Extremely reliable and durable pressure regu- 
lators have been developed for use with pres- 
sure suits. They immediately deliver 100 per 
cent oxygen at appropriate pressures in the 
event of exposure to very low barometric pres- 
sures. The regulator for USAF full pressiu-e suits 
maintains a suit pressure of 17S mm Hg in a 
vacuum. The regulator for the USAF capstan 
and bladder pressure suits maintains a suit 
pressure of 150 mm Hg in a vacuum. 

Both types of regulators are designed to de- 
liver increasing pressures at increasing altitudes. 
As an example^ the regulator for the USAF full 
pressure suit will begin to pressurize the suit 
above 35,000 feet and the total pressure on the 
pilot at any altitude above 35,000 feet will be 
constant. The full pressure regulator is mounted 
on the pressure suit. The regulators for the cap- 
stan and bladder suits are mounted in sm vival 
kits which are strapped to tlie airman. 

Capston Pressure Suit Ensembles 

The first capstan and bladder pressure suit 
was devised and patented by Lt. Colonel J. P. 
Henry, USAF, MC, in 1944. 

The following capstan pressure suit ensembles 
are currently in use in the United States Air 
Force: the MC-3, MC-3A, MC-4, and MC-4A. 
The designation 3 means that the ensemble 



does not have a G bladder incorporated in the 
suit. The designation 4 signifies the presence of 
a G bladder. The designation A connotes a new- 
ly designed suit sizing range to facilitate better 
pressure suit fits. 

An ensemble consists of helmet, suit and 
gloves. The full head helmet, type MA- 2 con- 
tains ear phones, a microphone, and a remov- 
able faceplate. A small hose is attached to the 
faceplate and delivears oxygen und^ preissure 
from the regulator. Fine electric wires lam- 
inated in the visor can be heated to prevent visor 
fogging. A tailored Neoprene bladder covers 
the entire torso from the shoulders to the upper 
thighs. A snug form fitting nonstretching nylon 
fabric covers the entire body from the neck to 
the wrists and ankles. The capstan device is 
employed on the arms and legs. Gloves con- 
taining bladders on the dorsal aspect offer ade- 
quate hand pressurization. (See Figure 15-2.) 

These pressure suit ensembles are very reha- 
ble and have protected scores of pilots during 
engine flame-out or material failure. When 
properly fitted they will protect aircrewmen at 
continuous simulated altitudes of 100,000 feet 
for as long as five hours. The most crucial part 
of the ensemble is the proper fit. If the subject 
has a proper fit he will be able to stand nearly 
erect when the suit is unpressurized with snug- 
ness over the shoulder and in the crotch. He 
must be able to take a completely unrestricted 
maximum inhalation. Finally, a subject in a 
properly fitted suit will not complain of a tight 
neck seal, and will not demonstrate facial ple- 
thora. 
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Figure 15-2. High Altitude Pressure Suit Type MC-3A 
witli T/pe MA-Z Helmet and Hiih Allitude Gloves 




In a vacuum the helmet and torso bladder 
receive 150 mm Hg pressure and the capstan 
receives 750 mm Hg pressure. This pressure 
maintains the arterial oxygen saturation at ap- 
proximately 90 percent of capacity. 

Bladder Pressure Suit Ensembles 

The USAF is evaluating the quick-don pres- 
sure suit ensembles to replace earlier model 
pressure suits. The suit consists of a continuous 
bladder which covers the torso, the arms and 
legs. It incorporates a ventilation layer, added 
insulation, and a pressure retaining zipper which 
allows the experienced subject tO don the en- 
semble in approximately two minutes. Pressiue 
gloves are worn witli this ensemble. The suit is 
designed to aGcorttJttodate a large variety of 
helmet types (see Figure 15-3). Because the 



subject is covered by a rubber bladder suit, 
ventilation is needed after the suit is donned. 

This ensemble will protect the subject for two 
hours or more at simulated altitudes in excess 
of 100,000 feet while delivering a maximum 
helmet and bladder pressure of 150 ram Hg. 

Full Pressure Suit 

Full pressure suit types being evaluated for 
possible use by the USAF. The full pressure suit 
retains a gas envelope under pressure against 
the skin. The suit fabric is complex and contains 
Neoprene laminated with twill and stretchable 
helenca to yield desirable shape and mobility 
during suit pressurization. A series of pressure 
sealing zippers are incorporated in the suit to 
facilitate donning and doffing. This suit requires 
forced air ventilation when worn on the ground 
or in the aircraft since the subject could not 
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otherwise maintain normal body temperature. 
(See Figure 15-4.) 

The regulator for the USAF full pressure suit 
is designed to deliver a pressure of 175 mm Hg 
in a vacuum. Arterial blood is saturated to 95 
percent capacity at this partial pressure of oxy- 
gen. One sabject has remained at or above 
90,000 feet simulated altitude for 2640 minutes 
in a Navy Mark III which is similar to the A/P 
22S4. 

Features Desirable in all Pressure Suits 

A large variety of pressure suits have he&H 
since the first one in 1933. It is now 
pos^^ to cSer adequate physiological protec- 



tion to the airman at extreme altitudes for a 
prolonged time. iTie present problems concern 
integration of the suited man and his aircraft. 
The suited man must be comfortable at all 
times while wearing the pressure suit. 

The ideal suit must not restrict his motion or 
vision during routine flight, and during an emer- 
gency loss of cabin pressure. In the event he 
elects to bail out, the suit must not interfere 
wifli, or be dMmgsd by, the ejection sequence. 
Tlie suit must pro\ide the best possible immer- 
sion and cold weather protection. All of these 
feictois d@aiaiid solution. The Flight Surgeon 
must be aware of aU of these factors in order to 
offieir the most practicable recommendations. 



MmHktdmdIdlatmeiMmmrt/tmdnktmat, 
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Problems of the Eye 



The problem of protecting the flyer's eyes 
from blast, light, and trauma, always present in 
the past, has become more difHcult with the 
advent of supersonic aircraft, high altitude 
flight, and the use of nuclear warheads in the 
weapon systems. Physical factors such as air- 
craft speeds exceeding that of sound, exceed- 
ingly high altitudes reversing the former envi- 
ronment of flyers, very low barometric pressures, 
cosmic radiation, and the flash from nuclear 
devlefes are some of the problems facing the air- 
man of today and tomorrow. 

GENERAL EFFECTS OF ALTITUDE 

Visual difHculties of the human organism at 
high altitudes are due to hypoxia, decompres- 
sion, glare, and empty visual field. 

Visual Effects of Hypoxia 

The hypoxia which affects the flyer as he 
ascends may cause several changes in his ability 
to see. These visual disturbances, and the oph- 
thalmoscopically visible changes in the blood 
vessels which accompany them, ai-e described 
in this section. 

The range from sea level to 10,000 feet is 
known as the indifferent zone, because ordinary 
daytime vision is unaffected up to 10,000 feet. 
There is, however, a slight impairment of night 
vision, a fact which makes it imperative for 
night combat flyers to use oxygen equipment 
from the ground up. 

The range from 10,000 to 16,000 feet is called 
the zone of adapfation, because even though 
visual functions are impaired, the flyer is able 
to overcome the impairment sufficiently to carry 
on his duties. In this zone the following changes 



occur, becoming progressively greater with in- 
creasing altitude: the retinal vessels become 
dark and cyanotic; the retinal arterioles increase 
10-20% in diameter; retinal blood volume in- 
creases up to 4 times; the retinal arteriolar 
pressure increases along with systemic blood 
pressure; the intraocular pressure increases 
somewhat with the arteriolar pressure; the pu- 
pil constricts; there is a loss (at 16,000 feet) of 
40% in night vision ability; accommodation 
and convergence powers decrease; the ability 
to overcome heterophorias diminishes. 

All these changes are returned to normal by 
either administration of oxygen or return to 
ground level. Up to 16,000 feet these effects 
remain latent, in the sense that physiologic com- 
pensatory reactions enable the flyer to continue 
his task, unless this altitude is maintained for 
long flights without oxygen. 

The region from 16,000 to 25,000 feet is called 
the zone of inadequate compensation, because 
one or several of the preceding changes be- 
comes severe enough to ]3roduce visual diiRcul- 
ties which do interfere with maintenance of job 
proficiency. Visual reaction time is slowed; mo- 
tor response to visual stimuli is sluggish; mental 
processes are all slowed; heterophorias are no 
longer compensated by fusion, and become he- 
terotropias with resulting double vision; accom- 
modation is weakened and convergence lost 
so that instruments are both blurred and double. 

Dilatation of retinal vessels, with the accom- 
panying pressure changes, continues to increase 
until circulatory collapse intervenes. Visual acu- 
ity is impaired by diplopia, loss of accommoda- 
tfon, and general retinal and cerebral malfunc- 
tion; night vision is seriously impaired. AH these 
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changes are reversed by use of oxygen or return 
to sea level. 

Above 25,000 feet is the zone of decompensa- 
tion, or zone of lethal altitude. In this zone cir- 
culatory collapse occurs, the flyer loses both 
vision and consciousness, and may suffer 
permanent damage to his retina and brain as a 
result of death of nerones from severe hypoxia 
and lack of circulation. 

Visual Effects of Decompression 

Decompression sickness may occur at alti- 
tudes over 26,000 feet w^ithout any oxygen de- 
ficiencies. Symptoms such as muscle cramps, 
bends, deep sensation of retrosternal burns and 
cough, violent headaches, and signs of circu- 
latory deficiencies may be present. When the 
human organism experiences an abrupt drop 
from normal to low atmospheric pressure, nitro- 
gen bubbles form in the blood and body tissue, 
and cause aeroembolism. Some of the small bub- 
bles may get into the cerebral circulation and 
produce vascular spasms which in turn may 
produce migraine-like syndromes. 

Concurrently vi'ith the onset of the spasm, 
there are scintillating scotomata which are often 
of a hemianopic type. Simultaneously, there is 
a reckiction in vision and the electroencephalo- 
gram will show changes. After a varying length 
of time from 15 minutes to 2% hours, compen- 
satory dilation of the arterioles occurs. At this 
time the electroencephalogram returns to nor- 
mal, the scintillating scotomata disappear, and 
the vasodilation headache appears. Nausea and 
a more or less marked state of shock may ac- 
company the headache. This may last 1 to 12 
hours. 

This entire syndrome may occur as the pilot 
is descending because as the nitrogen bubbles 
become smaller, they may get into tlie cerebral 
circulation wh^ previously they may have 
been too large to enter. There is no method of 
completely preventing these difficulties when 
traveling in unpressurized aircraft; but denitro- 
genation prior to flight will prevent a good per- 
centage of such difficulties. Eressurization to 
25,000 feet or below will prevent practically all 
of them. 

Effects of Acceleration on tlie Eyes 

The pilot's vision while flying may be affected 
by radial and rectilinear accelerations. These 
forces have different physiological effects de- 
pending on the posture of the pilot in the air- 
craft. When centrifugal force is increased in the 
head-to-seat direction, a considerable stasis of 
blood in the splanchnic viscera and lower limbs 



result, progressively dilating the venous and ar- 
terial system. The quantity of blood returning 
to the heart is diminished as a resvilt of this 
statis. The heart continues to beat; but the 
diminution of the volume of the systolic blood 
wave reduces the cardiac output and lowers the 
arterial tension, which may drop to zero at the 
carotids if acceleration is gready increased. 

When the carotid pressure is dimioished by 
centrifugal force, a point is reached where it 
is impossible for retinal arterial pressm-e to ex- 
ceed intraocular pressure. At this point visual 
function is impaired. Effects vary on individuals, 
but in general, one may say that pilots will grey 
out at 4 G's, black out at 5 G's, and lose con- 
sciousness at 6 G's, if they are unprotected. 

Three methods have thus far been suggested 
for protection from head-to-seat forces. The first 
is a reclining scat which automatically tilts the 
pilot into a supine position when centrifugal 
forces exceed certain intensities. This, however, 
is impractical in combat. The second metliod is 
by enclosing the lower part of the body in a 
G-suif. A third method is placing the pilot in the 
prone position in which he can tolerate about 
12 G's before breathing becomes impossible. 

Negative "G" forces, if prolonged, result in 
congestion of all vessels of the upper part of 
the body. Congestion of the face and violent 
headache may follow. A so-called "red-out" may 
occur. The actual cause of this phenomenon is 
unknown. It may be due to congestion of the 
orbital contents, or to cerebral and/or retinal 
congestion. 

Effect of Giare at High Altitudes 

The pilot who flies at altitudes in excess of 
40,000 feet encounters the problem of glare 
from the cloud layer below his aircraft. The 
human facial contour is not formed to protect 
the eyes from glare coming from below the eyes. 
This situation causes the flyer to develop a hazi- 
ness of vision from the glare below him. One 
investigator has indicated that the cause of this 
subjective haze is probably the persistence of a 
positive afterimage of the bright cloud floor. 

Other causes of this haziness of vision have 
been suggested and investigated. These include 
fluorescence of the crystalline lens caused by 
greater intensity of ultra-violet hght at high alti- 
tude and intraocular scatter of light. 

The cause of this subjective haze has not been 
clearly established. Possible solutions to the 
problem may be through use of the following 
type filters. These filters would, of necessity, 
vary in design due to the various aircraft con- 
figurations affecting visibility. 

1. Maximum absorption in central portion 
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with increasing transmission superiorly and in- 
feriorly. 

2. Maximum absorption in superior portion 
with a gradual increase in transmission towards 
tib,e center and inferior portion. 

3. A self-attenuating variable density filter. 
This would be the ideal type of protection in 

that the transmission of hght would be depend- 
ent upon the intensity of light incident upon 
the filter, constant transmission resulting at all 
times. Extensive research is presently in prog- 
ress to develop the self-attenuating filter. 

The glare from below and the sides in combi- 
nation with the lack of light scatter in the en- 
vironment at high altitudes may cause a rela- 
tive shadow on the instrument panel. Since the 
external environment is bright and a relatively 
small amount of light diffuses into the cockpit, 
the instrument panel may appear to be in a 
shadow when the pilot turns his attention from 
outside the aircraft to his panel. The solution 
to this problem is the use of white light in the 
instrument panel. The brightness of the panel 
can then be equalized with environmental light- 
ing by a rheostat controlling panel hght in- 
tensity. 

Effect of Space Myopia (Empty Visual Field) 

At high altitudes pilots may develop "physio- 
logical myopia" due to the normal ciliary muscle 
tone when the eye is at rest. At these altitudes 
one may not have a distant object on which to 
fixate. In such an empty visual field a reflex 
accommodation occurs creating from 0.50 to 
2.00 diopters of relative myopia. Theoretically 
under this condition, an emmetropic individual 
would be incapable of detecting a target at his 
normal "far point". 

For example, a pilot with normal visual acuity 
of 20/20 is able to discern an aircraft having 
a fuselage diameter of 7 feet at a distance of 
4.5 miles. The same individual accommodating 
0.50 diopter, would then be able to detect the 
same aircraft at a distance of only 3 miles. An- 
other possible solution would be to use pilots 
who are slightly hyperopic. 

Sunlight and its Effect on fhe Eyes 

Light is part of the energy spectrum. The en- 
tire spectrum extends from the extremely short 
cosmic rays with wavelengths on the order of 
10"" centimeters to the long radio waves, sev- 
eral miles in length. Visible light consists of a 
small portion of the spectrum, from 380 milli- 
microns (violet) to about 760 millimicrons 
(red). A miUimieron is a millionth of a mOli- 
ineter. The neighboring portions of the visible 



spectrum, although not visible, have their ef- 
fects on the eye and are therefore of interest, 

Wavelengths of 360 millimierons and shorter 
down to 200 millimicrons are known as abiotic 
rays. Exposure of the eyes to this portion of the 
electromagnetic energy spectrum produces ocu- 
lar tissue damage, the severity dependent upon 
intensity and time of exposure. Wavelengths 
longer than 760 millimicrons to the microwaves 
at about 1 mm are the infrared or heat rays. 
These rays, too, may cause ocular tissue damage 
depending upon intensity and exposure time. 
The infrared rays may affect all ocular tissues, 
whereas the ultraviolet have their effect chiefly 
upon the conjunctiva and cornea. 

The light intensity in extraterrestrial space 
above 100,000 feet is approximately 13,600 foot- 
candles. At 10,000 feet on a clear day, it is about 
12,000 foot-candles, and at sea level on a clear 
day, it is about 10,000 foot-candles. It is obvious 
that something in the atmosphere is absorbing 
light. Water vapor, dust particles, and air absorb , 
light. In addition to absorbing light, water 
vapor also scatters light. This accounts for the 
unexpected sunburn on overcast days. 

Tn addition certain selective absorptions oc- 
cur. The ultraviolet light shorter than 200 milli- 
microns is absorbed by dissociated oxygen as 
high as 400,000 feet. Below this level these 
wavelengths are of no consequence. The ultra- 
violet light 200 to 300 millimicrons in wave- 
length is absorbed by the ozone layers in the 
atmosphere. This is very fortunate because the 
wavekmgths from 200 to 300 milhmicrons are 
the most damaging to the eye. 

It is these wavelengths that produce the ac- 
tinic conjunctivitis which welders ree^ve when 
they fail to wear protective hoods. These wave- 
lengths from 200 to 300 millimicrons are no 
problem until an altitude of about 125,000 feet 
is reached. This is about the height of the sec- 
ond ozone layer. Above this altitude these ultra- 
violet wavelengths between 200 and 300 milli- 
microns will require consideration. 

The rays of particular concern, therefore, are 
from 300 to 2,100 millimicrons in wavelength 
with an intensity varying between 10,000 foot- 
candles at ground level to about 13,000 foot- 
candles at presently attainable altitude. 

Brightness of the Field of View 

The amount of light reflected back to the eye 
determines the brightness of the individual's 
field of view. Snow, for example, may reflect 
back to the eye 85 to 90 per cent of the light 
falling on it. White sand, coral, and white clouds 
may reflect as much as 75 to 80 per cent of light. 
Grass and forests may reflect as little as 10 per 
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cent of light. The apparent "coolness" of green 
fields probably depends as much upon the fact 
that they reflect low percentages of light as it 
does upon any specific psychological effect of the 
color. 

Insofar as the feeling of brightness in sunlight 
is concerned, then, there are two factors: the 
amount of light falling on a surface, and the 
amount of light reflected by the surface. 

The Effect of Ughl on the Eye 

There are certain specific effects which light 
may produce in the eye. First consider ultra- 
violent radiation which produces its harmful 
effects externally. The short rays which do the 
damage are absorbed by the outer one-tenth of 
a miUimeter of the eyeball. Hence, the effect 
of these rays is limited to this area of absorption. 

Ultraviolet light produces a painful swelling 
accompanied by extreme sensitivity to light — 
photophthalmia, or so-called snow blindness - 
that one experiences in the Arctic. It is only pro- 
duced after prolonged exposure to sunlight of 
high intensity, such as that reflected into the 
eyes by a snow field, the surface of water, or a 
bright desert Ultraviolet burns do not produce 
pertaanent damage to the eye, although paiii is 
severe. 

Both infrared and visible light contain a great 
deal of energy. If an individual looks directly 
at the sun with inadequate eye protection (all 
so-called sunglasses are ihadequate for this pur- 
pose), the lens system of the eye will concen- 
trate this energy on the retina like a bur nin g 
glass and will produce an actual bin:n of the 
retina. This happens so frequently during ob- 
servation of an eclipse of the sun that it is called 
"eclipse-blindness", It is a permanent eye injury 
and cHnically is manifested by a macular scar. 
There will be present a central scotoma as dem- 
onstrated on the tangent screen. Vision may be 
20/70 or less. 

Infrared is also reputed to cause chronic red- 
ness of the eyes, chronic conjunctivitis, and 
pterygium. Its role in these eye conditions is 
still not completely determined. 

Effects of Sunglasses and Other 
Ophthalmic Filters on Light 

Plain crown glass as used in spectacles will 
eliminate most of the ultraviolet. Thus, if an 
individual wears spectacles which have large 
enough lenses to prevent ultraviolet light from 
entering his eyes around their periphery, he is 
protected to a great extent against snow blind- 
ness. Glare may bother him but he will not de- 
velop photophtiahnia. Plastic lenses, if clear, 
transmit ultraviolet unless made from one of the 
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new special plastics. Current aircraft plastic 
canopies do transmit ultraviolet. In general, 
dark-tinted plastics do not transmit ultraviolet, 
but there are exceptions. 

If sunglasses with glass lenses are being con- 
sidered, then one must be chiefly concerned 
with what these lenses do to visible and infra- 
red light AU these wavelengths pass through 
crown glass with only about an 8 per cent re- 
duction. (Magnesium fluoride coated lenses 
absorb only 4 per cent of Hght and allow 96 per 
cent to pass through.) 

Sunglass lenses of all types filter light. There 
are four types of sunglass lenses in common use: 
Colored filters 
Neutral filters 
Reflecting filters 
Polarizing filters 
They all have in common the fact that only 
a certain percentage of the total amount of light 
gets through to the eye. They produce this 
eff^ect differently. The colored, neutral, and 
polarizing filters achieve this effect by absorbing 
some of the light and allowing the rest to pass. 

CoLOBEjD FiLTEHS. The reason that a green 
sunglass looks green is that it absorbs a higher 
percentage of the other colors than it does of 
the green. It allows the green to pass through. 
The same is true of other colored sunglasses. 
They permit different amounts of light of dif- 
ferent wavelengths to pass. Yellow or amber 
sunglasses, for example, absorb all the blue Ught 
and most of the green and allow only red, 
orange, yellow, and a little of the green to 
reach the eye. 

NEimiAL Fu^TEBs. On the other hand, neutral 
filters absorb approximately equal amounts of 
all wavelengths of hght - as much of the red aS 
of the green, the blue, or any other color. For 
this reason they appear gray, (However, all gray 
appearing filters are not necessarfly neutral.) 
They darken a scene without changing its colors. 

Reflecting filters. Reflecting filters allow a 
certain percentage of light to pass to the eye 
and reflecJt the remainder back in the general 
direction of its sottfce. They act very much like 
partially silvered mirrors and when worn they 
resemble small mirrors. The silver colored 
coating on the upper part of certain "graded 
density lenses" is such a filter. It is usually a thin 
coat of a mixture of chrome and nickel. As a 
rule these reflecting filters are nearly neutral in 
that they reflect an approximately equal per- 
centage of all wavelengths. 

Polarizing filtehs. Polarizing filters trans- 
mit only Hght that is vibrating in a certain direc- 
tion. They absorb light vibrating in other direc- 
tions. They are not neutral in that they pass 
more light of certain wavelengths than of others. 
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Polarizing filters pass about 30 per cent of light 
unless they are polarized in one particular plane. 
For this reason they require combination with 
other types of filters to be effective as a general 
purpose sunglass. 

They have the additional disadvantage that 
the polarizing film is made up of very minute 
crystals. This film is quite delicate and must 
usually be placed between two layers of glass 
in order to protect it. It also produces a certain 
amount of peripheral distortion and is subject 
to deterioration after a time^ In addition the 
lamination required makes it expensive to pro- 
duce curved lenses or those in which corrections 
can be ground. 

Filters used for simglass purposes have their 
density described in tenns of the amount of 
hght they transmit. Thus, a 15 per cent filter 
■will allow 15 per cent of the visible light falling 
on it to pass through. If it is a neutral filter this 
will be 15 per cent of each wavelength of visible 
hght. If it is a colored filter it may be only 1 or 
2 per cent of one wavelength and as much as 
30 or even 40 per cent of another wavelength. 

It is emphasized that colored lenses do not 
"add yellow" or "add green" to the fight. They 
cannot add anything. They only make things 
appear to be certain colors because they sub- 
tract other wavelengths of light by absorption or 
reflection, 

Most ophthalmic filters transmit rather large 
percentages of infrared radiation especially the 
near infrared source. Manufacturers of sunglass 
lenses are prone to show the fine infrared ab- 
sorption of their lenses around 4,000 millimicrons. 
If it is recalled that sunlight has almost no in- 
frared longer than 2,100 millimicrons, it can be 
readily seen that this characteristic has no sig- 
nificance for wear in sunlight. There are a few 
sunglass lenses, however, which do have a low 
infrared transmission. 

Reduction in the total amount of light may 
aid one's ability to see when the total brightness 
is so high that one cannot adapt to it by the 
normal eye mechanisms. If retinal adaptation, 
small pupil, and partially closed lids do not re- 
duce the amount of light entering the eye suffi- 
ciently, the individual will be unable to see well. 
This may happen when flying just above a 
dense sunlit overcast or flying over snow or over 
water into the sun. The use of a filter lens will 
reduce the over-all brightness to a level that can 
be tolerated and will allow the individual to 
see properly. 

Clabe. It is frequently stated that filter lenses 
will reduce glare. This statement is usually sci- 
entifically incorrect. Glare is caused by a differ- 
ence in brightness between various parts of the 



visual field. The eye is dazzled by a lighter 
object because it is adapted for the darker por- 
tion of the. field. Glare is then present. Putting 
on the usual filter lens reduces the brightness 
of all objects by the same amount, so that it 
does not change the ratio between the brightest 
and the darkest areas. Therefore, glare is still 
present. 

These filters can reduce glare when the bright 
area consists of polarized light such as the sun 
path on paving, snow, water, or similar surfaces, 
and the filter used is a polarizing one which 
will then selectively reduce fhis brighter area 
more than its background. Polarizing lenses 
have certain disadvantages previously men- 
tioned which limit their use. These disadvan- 
tages will be discussed below. Polarizing lenses 
are further limited in their usefulness due to the 
small portion of polarized light in the daily en- 
vironment. In general, then, it can be said that 
sunglass lenses do not reduce glare. 

Color perception. It is quite obvious that 
colored sunglass lenses will distort color per- 
ception to varying degrees. The degree of dis- 
tortion will depend upon the amount of the 
various wavelengths absorbed by the lenses. 
Carefully designed experiments will show 
some degree of color perception error induced 
by any colored lens. Only with a true neutral 
filter is color vision entirely normal. 

Visual, acuity. The ability to distinguish 
small obfeets at long distances is essential for 
the flyer. The amount of light during the day 
is in excess of that required for maximum acuity. 
For this reason it can be reduced considerably 
by a filter lens without reducing ability to see 
distinctly. A lens of about 10 to 15 per cent 
transmission has been shown to be the most 
useful, (This is true provided that the lens is 
somewhere near a neutral lens, ) 

A slightly darker lens could be tolerated 
under conditions of extreme brightness, but the 
lens of 10 to 15 per cent transmission is ade- 
quate. On sunlit days this density will not re- 
duce acuity. The lenses should be removed if 
the illumination falls below bright sunlight or 
acuity will be decreased. This is particularly 
trtie at dusk and at dawn. 

Claims have been made that certain lenses 
increase acuity — especially the yellow or amber 
lenses. This statement is usually based on the 
way light is scattered by haze or fog. It is known 
that the shorter wavelengths (blue and blue- 
green) are scattered more by haze and fog than 
the longer wavelengths (red, orange and yel- 
low). On theoretical grounds, then, the elimina- 
tion of the short wavelengths by a filter should 
increase the sharpness of an image. This would 
seem to be confirmed by the use of yellow filters 
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In photographing distant scenes. Such filters 
absorb the short wavelengths and allow the long 
ones to pass. They do give sharper pictures of 
distant scenes. 

Such yellow filters, when worn, give a sub- 
jective sensation of increased brightness (a 
false impression because the lens subtracts light; 
it does not add it). These yellow filters also give 
a subjective sensation of sharpening the image. 
However, all carefully controlled research ex- 
periments conducted to date fail to show an in- 
creased ability to see in haze and fog by using 
yellow filters. 

The difference between the effect on the eye 
and the effect on filnn is readily explained by 
the relative sensitivity to blue light of the pho- 
tographic film on one hand and the retina of the 
eye on the other. Photographic film is extremely 
sensitive to blue light. Scattering of blue light, 
therefore, gives a marked haziness to pictures. 
On the other hand the human eye has a very 
low sensitivity to blue light, so the scattering 
has very little effect on ability to see in haze 
or fog. We have not yet developed any sort of 
ophthalmic filter which will appreciably in- 
crease the ability of the eye to see in haze or 
fog. 

Underwater search. Certain types of sun- 
glasses have been advocated from time to time 
for search of submerged objects, such as sub- 
marines. Polarizing lenses have been suggested 
because of their absorption of polarized light 
from the water surface. Extensive experimental 
tests have failed to demonstrate any superiority. 
This is probably true because at the time polar- 
ized light is reflected from the surface of the 
water, it is also reflected from the curved sur- 
face of the submerged object. 

The polarizing filter absorbs both sets of light 
rays equally so there is no advantage. When 
the line of sight is from other directions in which 
Hght is not polarized, the polari2dng filter again 
has no advantage. For these teasons polarizing 
sunglasses are only useful to reduce over- all 
brightness to a comfortable seeing level without 
any specific improvement in ability to locate 
submerged objects. 

Selection of a Sunglass 
For Air Force Use 

Selection of the best sunglass lenses for Air 
Force use must iAke the above factors into con- 
sideration. It has been determined that a lens 
with 15 per cent transmission is most suitable 
for the level of brightness encountered in flying. 

The elimination of electromagnetic radiation, 
which one caimot see and which may be 
damaging to the eye under certain conditions. 



presents no problem so far as ultraviolet is con- 
cerned. Glass lenses eliminate most of the abi- 
otic wavelengths below 300 millimicrons. How- 
ever, fluorescence of the crystalline lens may 
present a problem at high altitudes when lenses 
are used which transmit light in the region of 
■360 millimicrons. 

The infrared rays are eliminated significantly 
better by the presently available neutral lens 
than by any of the colored lenses or the re- 
flecting lenses. The abili^ to recognize colors 
without any impairment occurs only with neu- 
tral lenses — either absorbing or reflecting types. 
(Colored lenses distort colors.) 

Visual acuity is as good through the neutral 
lenses as any of the colored type yet developed. 
It is not better, but is just as good. No lens has 
yet been shown to increase ability to penetrate 
haze or fog. 

Careful review of these points shows the su- 
periority of the neutral over the colored or 
polarizing lens. The neutral absorbing lens is 
superior to the neutial reflecting lens because 
of the infrared transmission of the reflecting lens 
and because the reflecting coat is rather sus- 
ceptible to damage. 

Use of Goggles 

Goggles have lost their importance as protec- 
tion against windblast, oil droplets, flash fire, 
and so forth. Fighter pilots now use visors at- 
tached to the helmet. This visor, which can 
easily be pulled down or pushed up with one 
hand, protects the eyes against particles, oil 
spray, and the like. In addition, the visor pro- 
tects the eyes against wiad blast in bailouts at 
speeds less than supersonic. Speeds in excess 
of 500 knots cause the visor to be torn off by 
the wind blast. 

Special goggles are valuable today as protec- 
tion against flashblindness and chorioretinal 
burns in the case of nuclear detonations. A 
pilot who will be exposed to nuclear detona- 
tions, whether from his own or an enemy's nu- 
clear devices, needs protection against the possi- 
ble eye effects resulting from the intense light 
iand thermal energy produced by atomic fire- 
balls in order to have the best possible chance 
for successfully completing his mission. Several 
research progrjuns have been instituted in order 
to provide the answer to this problem. 

One approach has been a goggle containing 
an electro-mechanical shutter. The eye piece 
consists of movable glass plates with series of 
alternately opaque and transparent lines. With 
the shutter open, the transparent lines are su- 
perimposed over one another, and since the 
opaque lines are narrower than the pupillary 
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aperture, the pilot can see without any blind 
spot in his visual field. 

When the flash detector senses the presence 
of unusual illumination above a preset level, it 
produces a signal which diischarges one of four 
dimple motors. The dimple motor drives a 
wedge which moves one of each set of grids 
laterally. This causes an opaque line to cover a 
transparent line and an opaque lens results. 

Another protective device which, if success- 
fully developed, may be incorporated in a gog- 
gle, is a "variable density filter." This filter will 
contain a photochromic system ( dye ) which is 
sensitive to a specific amount of illumination. 
With a rise in the incident illumination to the 
specified light Intensity, the filter immediately 
becomes opaque. This can be a reversible reac- 
tion, with clearing of the filter under reduced 
illumination. Research in tiie protection of eyes 
against nuclear flashes vrill continue into the 
future. 

NUCLEAR DEVICES 

The detonation of atomic bombs over Hiro- 
shima and Nagasaki in 1945 marked the begin- 
ning of atomic warfare. Nuclear weapon devel- 
opment since that time has resulted in devices 
that are many times more devastating than the 
nominal 20 KT bomb. Explosion of such devices 
results in damage to the human body by con- 
cussion (blast), radiation, heat, and light. The 
concussion and radiation effects are limited to 
finite distances from the center of burst; these 
can be predicted from the yield and location of 
the detonation relative to the earth's surface. 
The radiant energy released at detonation of a 
nuclear bomb in the form of infrared and visi- 
ble light causes damage to the human body at 
finite distances. 

The eye is more susceptible to injury at far 
greater distances &an other organs or tissues of 
the body. An eye, having a pupil of a given 
size, exposed to a nuclear detonation at a given 
distance, will result in a certain amount of en- 
ergy distributed over the image area on the 
retina. If the distance from detonation is now 
doubled, the amount of energy passing through 
the same size pupil will be one fourth as great; 
the image area wHl also be one fourth as large. 
Therefore, the energy per unit area will remain 
constant irrespective of the distance, except for 
the attenuations due to the atmosphere and 
ocular media. 

The potential danger of flash bhndness and 
chorioretinal bums resulting from -dewing 
atomic fireballs has now become of great con- 



cern to aircrew members, and has thus created 
new problems for the Flight Surgeon. 

The chorioretinal burns that result from expo- 
sure to nuclear weapons detonations vary in size 
and severity depending upon distance from the 
center of burst, the more severe burns being 
sustained at positions closer to point of detona- 
tion. Individuals exposed to atomic flash beyond 
the point where retinal burns occur may never- 
theless be subject to flashblindness of several 
minutes' duration. Although this is of a tempo- 
rary nature, it could result in inability to com- 
plete mission or actual loss of the aircraft. 

Permanent loss in visual acuity and central 
field would result from a chorioretinal burn in 
the macular or perimacular area. A burn in 
the mid periphery would result in either a 
localized scotoma if the burn were minimal or 
in a segmental field defect if the burn were 
severe, Suggestions have been proposed to pro- 
tect the eyes from the effects of atomic flash. 
These include the use of shades, blinds, or the 
covering of one or both eyes. These may be of 
value in offensive operations, but for obvious 
reasons would be valueless in defensive tactics. 

Adequate protection of the eyes from atomic 
flash would appear to be the only method of 
preventing flash blindness and chorioretinal 
burns. Research in this area has been devoted 
to the development of filters and shutters that 
would absorb or occlude the infrared and visi- 
ble light released by atomic fireballs. This is to 
prevent flash blindness and retinal burns, and 
yet provide adequate visibility immediately be- 
fore and after detonation. 

Investigation is now underway, therefore, 
to develop a self-attenuating variable density 
filter which would transmit a constant amount 
of visible radiation, regardless of the intensity 
incident to the filter. Success in this area would 
provide a method for protection of the flyer's 
eye from flash blindness and retinal burns asso- 
ciated with the detonation of nuclear weapons. 

VISUAL PROBLEMS OF 
SUPERSONIC SPEED 

It is evident that speeds of 3,000 mph will be 
commonplace in the future. Obviously, many 
problems will arise when pilots are subjected to 
such speeds.* Among these problems will be 
the visual difficulties encountered. Airflow, vi- 
bration, acceleration, temperature, and lag in 

•Teitt and illustrations adapted from Byrnes, Victor 
A,: Visual Problems of Supersonic Speed, American 
Journal of Ophthdmology 34:2 (Feb. 51). Used by 
permission. Copyright 1951, 
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human visual perception time will all be factors. 
First, however, it is necessary to discuss the 
physical conditions which exist at these speeds 
before considering the visual problems. 

At sea level the speed of sound is approxi- 
mately 760 mph — varying with density of air, 
temperature, and other conditions. As the alti- 
tude varies so does the speed of sound. How- 
eveTj at any altitude speed of sound is called 
Mach I — Mach derives its name from an Aus- 
trian physicist. At ground level Mach 1 is ap- 
proximately 760 mph. At 40,000 ft, Mach 1 is 
roughly 660 mph. Speed ranges are subdivided 
as follows: 

Subsonic Up to Mach 0.8 

Transonic Mach 0.8 to 1.3 

Supersonic Mach 1.3 to 5.0 

Hypersonic Over Mach 5.0 

The same characteristic which regulates the 
speed of sound produces the compressibihty 
phenomenon. Below sonic speeds, air particles 
are able to get out of the way of a moving body. 
Above Mach 1, air particles begin to pile up in 
front of it. As these particles of air bump against 
each other they produce compression in the air. 
This is the phenomenon that enables sound to 
be transmitted. A wave front is built up before 
bodies moving faster than Mach 1 — lying rather 
far ahead of the moving body and is not very 
dense. The wave forms a more acute angle over 
the nose of the body as speed increases and it 
becomes denser. The nose of the plane is never 
able to pierce this compression wave nor to get 
ahead of it. 

(Figures 16-1, 16-2, and 16-3.) 

In each of the speed ranges the air behaves 
dilFerently. For instance, air passing through a 
venturi tube at subsonic speeds has increased 
velocity but decreased pressure at the constric- 
tion in the tube. At supersonic speeds there is 
increased pressure as well as increased velocity 
at the constriction. Air flowing over the wing 
surfaces behaves differently in each of the dif- 
ferent speed ranges. There is considerable buf- 
feting in the transonic range because of the mix- 
ture of the two types of airflow. Going through 
this speed range of mixed airflows is called 
"passing through the sonic barrier." The present 
century series aircraft are not aflfected by this 
buffeting, because of their design and great 
speed in passing through the sonic bcirrier. 

(Figure 16-4.) 

Effect of Slanting Optical Surfaces 

In order to permit supersonic flight, the air- 
craft must be free from projections, and optical 
surfaces must be slanted to produce the least 



possible drag. It has been found that a wind- 
shield of bulletproof plate glass with nesa coat- 
ing can be slanted to a 70° angle without pro- 
ducing measurable change in visual acuity or 
depth perception. No sizeable distortion occurs 
and it produces less than 3 minutes of deviation. 
However, the type of media used in the canopy 
will determine the angle at which the wind- 
shield can be slanted. There is a simple dis- 
placement of images produced by slanting 
surfaces in which emergent rays are parallel to 
incident rays. This, however, is not important. 

Visual Effects Produced by Shock Waves 

The air in shock waves is optically denser 
than normal air, producing a deviation of light 
rays which apparently displaces objects from 
their true position. This phenomenon varies 
with the speed between Mach 1 and Mach 4 
and is entirely absent below Mach 1. The flow 
of air in the compression wave will obviously 
not be absolutely homogeneous and will prob- 
ably produce mild rippling effects such as one 
sees in heat waves, (Figure 16-5.) 




• t 



Figure 1M. Prolsctltes of aircraft movli^ at less than tha speed of 
sound do not compress the air ahead of them since air particles are 
able to get out of the way. (Mach, 0.92; m.p.h., 700.) 

Vibration 

While the eflFect o£ vibration at supersonic 
speed has been a popular subject in the press, 
no vibrations of intensities great enough to harm 
human eyes have been produced by jets or 
rocket-propelled craft. One effect vibration may 
produce on the eye is resonation at its own fre- 
quency of about 40 cycles per second. However, 
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Figure 16-2 (Byrnes). When a moving body exceeds the speed of 
sound a compression wave builds up in front of it. (Mach, 1.31; 
m.p.h., 1,000.) 

it is more likely to be produced by low fre- 
quency vibrations of 10 to 40 cycles or 60 to 90 
cycles than by high frequency vibration. 

LAG IN VISUAL PERCEPTION 

The length of time between an occurrence 
and the time an individual sees it depends upon 
two factors; The length of time required for 
light to reach the eye, and the conduction time 
in the visual pathways and brain tracts. Because 
the speed of light is so fast, it is an unimportant 
factor; but the lag in the visual mechanism is 
appreciable and at superonsic speeds is impor- 
tant. 



Figure 16-4 (Byrnes). Air behaves differently at subsonic and super- 
sonic speed. For example the pressure is increased at the constriction 
in a Venturi tuba. 




increased vekict^ ol air- 
SUmNIE SPEEDS decreased pressMre 




Figure 16-3 (Byrnes). Tlie taster a body moves above the speed of 
sound, tliB closer and more acute the angie of the compression wave. 

(IVIach, 2.63; m.p.h., 2,000.) 



The latent period of perception varies with 
the individual, with his state of attention, with 
the part of the retina stimulated, and with the 
intensity of the stimulus. It may vary from 
0.0.35 to 0.300 seconds. Sensory conduction times 
are important at supersonic speeds because of 
the distance travelled — for example, an indi- 
vidual flying 1,800 miles per hour is travelling 
approximately a mile every 2 seconds. 

From the time an object appears in the 
peripheral visual field until the object is seen 
by central vision, about 0.400 second will have 
elapsed and the aircraft will have travelled 
1,042 feet. At this point the individual has only 
seen the object — it has not been recognized. 



Figure 16-5 (Byrnes). Air in the sbock waves has a greater optical 
density and therefore bends rays of light procuding an apparent dis- 
placement of images. This effect wiil vary with speed from Mach 1.0 
to IVIach 4.0. its magnitude will be small. 




APPARENT DISPLACEMENT OF OBJECTS 
BLilOllfJESStOH WWft ^M^rfi 
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Figure 1E-G (Byrnes). Latent Perception 
Time at 1,800 Miles Per Hour 



If an object appears in the visual 
field it will be roughly 0.1 second 
before the pilot is aware thst a& 
object is jxeswt. Dming this 
p&ioA he wfll tisvtsl 264 feet. 



.100 SECOIflJS UTENT PERCEPTION TIHE- 
DISTANCE 264 FEET 



Recognition time varies between 0.65 and 1.50 
seconds, so an average would probably be 1.0 
second during which time an additional 2,640 
feet will have beem travelled. 

This ineans thai firom appeataiice to recogni- 
tion the plane has travelled 3,683 feet. The time 
required to make a decision to do something 
about it and the motor reaction time to move 
control surfaces is not included. Obviously, 
tiierefore, if two aircraft came out of the clouds 
3,000 feet apart and were coming toward each 
other they would collide before the pilots could 
do anything about it. 

To move the eye from clear distance vision 
to read a dial with recognition and return to 
clear vision takes about 2.39 seconds. During 
this time the plane would move 6,336 feet. The 



time of accommodation increases with age and 
is an important factor in selecting pilots for high 
speed craft. Because of diis high speed, it is 
also important that instrument dials be set up 
for maximum readabihty. 

(Figures 16-6, 16-7, 16-8, 16-9, 16-10, and 
16-11.) 

Lag in visual perception is a very important 
factor in supersonic aircraft, It is obvious from 
the above discussion that the human visual 
apparatus is unable to cope with the demands 
placed on it by supersonic speeds. For this 
reason the current century series of aircraft 
and future aircraft, whether jet or rocket pro- 
pelled, will require the use of electronic de- 
vices which can detect aircraft or other objects 
in space before the unaided human eye could 





REACTION TIME .175 SECONDS DISTANCE - 462 FEET 
EYE MOVEMENT K''-.KO SECONDS- DISTANCE- 132 FEET 
TOTAL BISTM»CE 594 FEET 



Figure 16-7 (Byrnes). Latent Perception 
Time at 1,B0D Miles Per Hour 



After perception of an object in 
the peripheral field, in order to 
see it centrally a motor reaction 
time of 0.17S second is required 
to piffiEuvitiige tSis eye tnovernent. 
The eye movwaent itself re- 
quires O.OSd memA. Distance 
trav^ed — mi feet. 
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Figure 16-) (Byrnes). Latent Perception 
Time at 1,aOD Miles Per Hour 

After the visual axis is fixed on 
the object to be viewed, foveal 
perception requires 0.070 second. 
Total time, then fW>m extra- 
foveal appearance to c^tral 
perception is 0.400 second. Dis- 
tance travelled — 1,042 feet. 




[ / 



possibly see them and allow the pilot to take 
oflFensive or evasive action. 

Acceleration 

Forces of 6.0 G's v^-ill cause practically every 
upright observer to black out unless he is wear- 
ing a very good g suit. Turns which produce 
6.0 G's at various speeds have been computed 
to give an idea of the limiting effect which this 
phenomenon has on high-speed flight. Turns of 
the following radii would each produce 6.0 G's. 



250 mph 
500 mph 
750 mph 
1,000 mph 
1,500 mph 
2,000 mph 



686 feet 
2,740 feet 
6,170 feet 
11,132 feet 
25,074 feet 
44,530 feet 



Thus at a speed of 2,000 miles per hour the 
pilot could not turn a circle smaller than 18 
miles in diameter. And, he would black out all 
the way around the circle unless he were wear- 
ing a good protective suit or assuming a position 
other than upright. 

Temperature at Supersonic Speed 

Aircraft travelling 2,000 miles per hour can 
develop a surface temperature above 600° C. 
Efficient insulation and refrigeration must be 
used for aircraft to operate at such speed. This 
is an engineering problem which has been 
solved in the small satellites sent into space, as 
well as in the case of the X-15. 

The eyes can withstand dry air of at least 
240° F which is the highest a human can 



Figure 16-9 (Byrnes). Latent Perteitlen 
Time at I.BflO Miles Per Hour 

Speed of recognition varies from 
0.65 to 1.50 seconds, average 
about one second. 



HCOGNlTtOH TIME -1.000 SB»m-26W FEET 
TOTAL EXTRAFOVEAL APPEARANCE UNTIL BECOGMITIOH 
1,400 SECONDS -3682 FEET 
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Figure 16-10. (Byrnes). Latent Perception Time at 1,800 Miles Per Hour 

If two pilots emerged from clouds 3,000 feet ap^rt ob tt is>Uision course, they 
would crash before they eould to anything abrait it. If the dMwce were only 
500 feet, they would coMde without either pilot seeing the other. 



breathe — an absolute tolerance at 240° F being 
about 23 minutes. Actually the eyes can toler- 
ate any temperature which the body can with- 
stand. 

Ejetfion at Supersonic Speeds 

There have been several reports of pilots 
ejecting from aircraft at speeds in excess of 
Mach 1. The individuals involved suflFered se- 
vere damage to the body as a whole and to 
the eyes. At the present time there is no ade- 
quate protection for the eyes on ejections at 
speeds greater than 550 miles per hour when 
using conventional helmets. The solution lies in 
utilizing a closed capsule-type ejection appara- 
tus. 

Night Vision 

There are two types of sensory end organs 
in die retina — the rods and the cones. Accord- 
ing to the widely accepted duplicity theory of 



vision, the rods are responsible for vision at very 
dim levels of illumination (so-called scotopic 
vision), while the cones function at the higher 
illumination levels (photopic vision). The cones 
alone are responsible for color vision. There is 
a common misconception that the rods are used 
only at night and the cones only during the 
day. The cones, as will be pointed out later, 
function at aU levels of illumination down to 
their threshold. The same is true of the rods. 

Below the intensity of moonlight (the cone 
threshold) the cones cease to function and the 
rods alone are of value to an individual tinder 
these circumstances. The range of mesopic 
vision is the overlap of the function of the two 
types of receptors from 10 millilamberts to 
1/1000 millilamberts, the cone threshold. 

Thresholds 

The dimmest light in which the rods can 
function is about 10® millilamberts, the rod 
threshold. The dimmest light in which the cones 
can function is about 10"^ millilamberts which 
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Figure 16-11 (Byrnes). Latent Perception Time at 1,800 Miles 
Per Hour 



is equivalent to the light from the half moon. 
This is the cone threshold. A white light whicli 
can just barely be seen by the rods must be 
increased in brightness 1,000 times before it 
becomes visible to the cones. 

Eccentric Fixation 

The portion of the retina responsible for keen- 
est visual acuity is the fovea which corresponds 
to the center of the visual field, and which is 
used constantly to fixate objects. The fovea is 
composed entirely of cones. This means that at 
luminance levels below 10"^ miUilamberts, a 
blind spot develops in the center of the visual 
field. 

(Figure 16-12.) 

Rods begin to appear outside the macula and 
gradually increase in numbers, finally reaching 
their naajdmum concentration at a point some 
20° from the fovea. Since the rods have a much 
lower threshold than the cones they are much 
mme sensitive to light. An individual attempt- 
ing to see in illumination dimmer than ihoon- 
light has to depend entirely on his rods. To 
utihze the rods under such circumstances, the 
individual must look slightly to one side, above, 
or below any object which he wishes to see. 
This is known as eccentric fixation. 

Proper indoctrination is therefore essential 
for maximum use of vision at night. Men are 
taught to look shghtly above, below, or to either 
side of a night target, and to employ a roving 
gaze. Training and repeated practice is neces- 



sary in this maneuver if the flyer is to utilize 
his visual powers to their fullest extent during 
operations at night. 
(Fignre 16-13.) 

Darl< Adaptation 

Both the rods and cones contain photochem- 
ical substances which are bleached on exposure 
to light. This process of bleaching is thought to 
initiate visual impulses in the retina. The photo- 
chemical substance in the rods is visual pvn-ple 
or rhodopsin; in the cones it is believed to be 
visual violet or iodopsin. These substances ate 
broken down or bleached by light. During "dark 
adaptation" there is a maximum regeneration of 
the photochemical substances. 

The rods and cones differ in their rate of dark 
adaptation, the rods requiring some 30 minutes 
or longer in absolute darkness to attain almost 
their maximum sensitivity after exposure to 
bright light, while the cones attain maximxim 
sensitivity in about 8 minutes. The amount of 
light energy absorbed by visual purple deter- 
mines the extent to which it is bleached. An 
intense light will bleach it fairly rapidly and 
completely while a dim light will bleach it to a 
small extent only. In the light adapted retina, 
ssensitivity to light is diminished. 

Photochromatic Interval 

Visual purple does not absorb light of a wave- 
length greater than about 6B0 millimicrons (the 
red portion of the visible spectrum). The rods 
contain visual purple and are almost completely 
insensitive to red lights. This is not true of the 
cones. This fact is easily demonstrated. If the 
intensity of a red light is slowly decreased until 
the cone threshold is reached, not only the 
color red but the hght itself will disappear. If 
the same procedure is repeated with any color 
except red — for example, violet light — the 
violet color will disappear at the cone threshold, 
but the light will still be perceived by the rods 
as grey, or dim white light. 

If the intensity is further decreased until the 
rod threshold is reached, the light will disappear 
entirely. The difference between the level of 
illuminaticrti at which the color of a light disap- 
pears (the cone threshold) and that at which 
the light itself disappears (the rod threshold) 
is known as the photochromatic interval. There 
is a photochromatic interval for every color of 
the spectrum except the longer wavelengths of 
red. 

PRACTICAL PieOBLEJ\^ IN NIGHT VISION 

CbNTRAST DiscBiMiisrAlTOBr. Objeets are seen 
at night only by being either Kghter or darker 
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AREA OF PERIPHERAL VISION 



AREA OF CENTRAL VISION 



Hgure 16-t2. Ai«a of Centnl Vision 

The central area gives the most acute vision in light 
down to the intensity of moonlight. Below this level 
of illumination central vision cannot function and the 
central area is therefore blind. Any object an individual 
looks at directly will not be seen. 



than their backgrounds. These contrast differ- 
ences are reduced by light reflected from wind- 
shield or goggles, by fog or haze, and by 
scratdbed or dirty windshield or goggles. Any 
transparent medium through which the flyer 
must look should therefore be spodessly clean 
for night operations. Contrast differences are 
used by pilots to aid in the discovery of enemy 
planes while hiding their own ships. Hence, 
when flying over dark areas, such as land, they 
should fly below the enemy; when flying over 
white clouds, desert, moonlit water, or snow, 
they should fly above the enemy. 

Under conditions of low iHumination, addi- 
tional aid may be obtained bv following enemy 
planes either from above or below rather than 
from directly behind. The retinal image is much 
larger from the former positions than from the 
latter and there is less likelihood of losing the 
enemy in the darkness. 

Night myopia. An individual who may be 
otherwise emmetropic will have a shift towaid 
myopia when under extremely reduced illumi- 
nation. The exact cause of this myopia is still 
controversial, but there is good evidence to show 
that it is made up of two components: a portion 
due to spherical aberration produced by the 
widely dilated pupils, and a portion due to 
slight involuntary accommodation. These por- 



tions apparently vary in their importance witli 
different individuals. Regardless of the cause, it 
does exist and must be considered in night 
operations. 

The largest group of individuals will have 
about ,75 diopters of night myopia. 

Preservation of dark adaptation. Even in 
modem warfare circumstances can arise which 
may require maximum utilization of night vision. 
If 30 minutes are spent in a dark room, the 
pilot's eyes will be satisfactorily dark adapted. 
To overcome this drawback, flying personnel 
are instructed to wear red goggles to facilitate 
dark adaptation in fairly bright illuminations 
which does not interfere with their ability to 
read maps, magazines, or newspapers, and to 
see others to whom they wish to talk. 

In order to explain why red filters are used 
to achieve dark adaptation it is necessary to 
examine the relative positions of the photopic 
and scotopic luminosity curves on the wave- 
length scale of iiie spectrum. If a filter with a 
cutoff at about 620 millimicrons is used, a great- 
er portion of the scotopic curve (rod) is elim- 
inated as compared to that portion of the pho- 
topic curve (cone) that is eliminated. In effect, 
approximately 1/10 of the ligjit reaching flie 
cones is effective on the rods. 
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In other words, in order for white Ught to be 
made equal in brightness to the red light trans- 
mitted through the red filter, the white light 
would have to be reduced to 1/10 its intensity. 
The cones will become dark adapted in about 
8-10 minutes after a pilot steps into the dark, 
while his rods, by virtue of the red goggles, are 
already fully adapted. On a dark night, the cone 
adaption is unimportant since they are incapa- 
ble of functioning in starlight illumination. 

Dark adaptation of the rods develops rather 
slowly over a period of 30 minutes but can be 
lost in a second or two of exposure to bright 
hghts. The night flyer must therefore be taught 
to avoid bright lights. He must know his air- 
plane so dioroughly that no light is required to 
locate the controls. He should memorize his 
route so well that he need seldom refer to his 
maps. He must keep his instrument panel il- 
luminated at the lowest level consistent with 
safe operation, and must avoid looking at the 
exhaust flame or the gun flashes. If he must use 
light, it should be as dim as possible and used 
for the shortest possible period. 

Dark adaptation is an independent process 
in each eye. Even though a bright light may 
shine in One eye, the odier will retain its dark 
adaptation if it is protected from the light. This 
is a useful bit of information because if a flyer 
must use light for some purpose or is caught in 
the beam of a searchlight, he can preserve the 
dark adaptation in one eye by simply keeping 
that eye closed or by covering it. 

CocKPrr ILLUMINATION. The use of red light 
having a wave length greater than 630 millimi- 
crons for illumination of the cockpit is desir- 
able from the viewpoint of dark adaptation. Un- 
der red light, the pilot may still use his central 
vision (foveal cones) yet retain the dark adap- 
tation of the rods. From the standpoint of visi- 
bility to enemy pilots in the vicinity, red light 
is also to be preferred, for red light of low 
intensity is virtually invisible unless viewed 
directly. For this reason, most aircraft are 
equipped with red cockpit light of variable 
intensity. The disadvantage of tibis type of light 
is that red markings on aerial maps are invisible 
when viewed in red light. 

Instrument panel illumination on some air- 
craft is attained by dials painted with yellow, 
green, or orange paint which is both phosphor- 
escent (self-luminous) and fluorescent (emit- 
ting light when activated by ultraviolet rays). 
Although red paint would be preferred to the 
currently used colors, technical considerations 
require the substitution of the others. Phos- 
phorescence of tibe orange paint is usually in- 
adequate to permit vision of the dials in dark- 
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Le.fl — The central blind spot present in very dim light 
makes it impos.'iible to see the plane if it is looked at 

directly. 

Eight — The plane can be seen in the ss^me mount of 
light by loofciilg IsieloTv (as fe shown here), above, or to 
one side nf it so that it is not obscured by the central 
blind area. 



Figure 16-14 Dark AdapitaliDn 

Left — View seen by an individual who is not dark 
adapted. 

Righl — The same view seen by a dark adapted indi- 
vidual who is looking at a point above the plane. 
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Figure 16-15. Night Vision Training Projectar, Paclted Box 



ness. Accordingly, an ultra-violet lamp on a 
pivoted base is installed in the older planes, 
This ultra-violet beam laay be directed to the 
instruments most frequently used by the pilot. 

Ultra-violet light has a disconcerting side 
effect if directed or reflected into the eye, 
These radiations produce a fluorescence of the 
crystalline lens in the eye giving the pilot the 
sensation that he is flying in a sea of fog. Thi.s 
annoyance may be avoided by proper adjust- 
ment of the ultra-violet lamps and rheostatlc 
reduction of their intensity. These radiations are 
not injurious to the eyes, for at highest intensi- 
ties they are still far less than those present in 
.sunlight. 

Visibility of light to the enemy. Light at 
the blue end of the spectrum is seen by the 
rods more readily than ally other color; it is not 
seen as blue but is perceived as light, A blue 
light just visible to the rods as a colorless light 
would have to be increased 1,000 times in 
brightness before it could be seen as blue by 
the cones, and before any use of central vision 
could be made. If a pilot exposed himself to 
blue light bright enough to allow central vision, 
he would then have lost much of his dark 
adaptation (rods). Too, the enemy could pick 
up a blue light in any position of his peripheral 
field with ease, whereas a red light of low in- 
tensity would be invisible unless viewed directly. 

Drugs. The use of drugs systemically to im- 



prove normal night vision has been uniformly 
unsuccessful. 

Hypoxia. The effect of hypoxia at altitude 
on night vision is primarily one of increasing 
the time required for complete dark adaptation 
to be attained and actual elevation of the rod 
threshold. At 16,000 feet without oxygen this 
may be as much as 0.4 log unit. This is signifi- 
cant from a practical point of view. 

NIGHT VISION TRAINING 

The use of a number of simulated training 
exercises form the basis of the tJSAF ni^t vision 
training program. These exercises are given in 
a completely blacked-out room. The artificial 
illumination is accurately controlled and adjust- 
ed to correspond closely with natural outdoor 
conditions. 

The basic training device now used in the 
night vision program is termed "The Night Vi- 
sion Trainer." This instrument is a projector 
which pictLu'cs typical night outdoor activities. 
They are projected on a screen at levels of 
illumination found at night. Silhouettes are used 
so that the various phenomena of dark adapta- 
tion and night vision, discussed by the night 
vision training instructor during the training 
session, may be practically demonstrated. 

For complete details regarding ui^t vision 
training, reference can be made to AFM SO-10. 
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Adequate protection of aircrews against the 
effects of temperature related to climate, the 
characteristics of the earth's atmosphere, and air 
friction of supersonic flight require a working 
knowledge of the meteorological, engineering, 
and aeromedical background of the problem. 

The following are important considerations: 

1. Temperature ranges of climate, atmosphere, 
and supersonic air friction. 

2. Physiological aceommodatioH to tempera- 
ture variation within the range of tolerance. 

3. Pathological reactions to temperature ex- 
tremes. 

4. Protection against the eflEects of temperature 
extremes. 

5. Treatment of injuries resulting from tem- 
perature extremes. 

CLIMATE AND THE EARTH'S ATMOSPHERE 

The extremes of geographic and seasonal 
temperatures encountered at the earth's surface 
range from -90° F to +140° F. This comprises 
a horizontal distribution of temperatures, sub- 
ject to comparatively limited and gradual 
changes, with geographically distributed annual 
cycles. The extremes of this distribution are 
separated by the distance from the equator to 
the poles. 

^n contrast, the earth's atmosphere has a 
vertical distribution of temperatures in which 
the extremes are encountered within 50 miles 
above the earth's surface, and which are com- 
paratively stable except in its lowest layer. The 
earth's atmosphere is divided into concentric 
shells. These are defined and described in the 



following paragraphs, beginning with the inner- 
most shell. 

The region of the atmosphere from 0 to 10 
km (6.2 mi), where the temperature falls rapidly 
with increase of altitude, has long been called 
the troposphere, and the region from about 10 
to 20 km (.33,000 to 66,000 ft), where the tem- 
perature is approximately constant, is called the 
stratosphere. The ionosphere has its own well- 
accepted nomenclature, the terms D, E, Fj, and 
Fa designating the four ionized regions with 
maxima of ionization at about 70, 100, 200, and 
300 km (43.5, 62,1, 124.3, 186.4 mi), respective- 
ly. Aside from these, there is no generally ac- 
cepted terminology of upper atmospheric re- 
gions. 

The terms "upper" and "outer" atmosphere 
are used with different meanings depending on 
the context, and it is best to keep their mean- 
ings fairly elastic. The region from about 20 to 
35 km (12.4 to 21.7 mi) which embraces most 
of the ozone has been called the ozone layer or 
oxonosphere. It has been proposed that the re- 
gion from the top of the stratosphere, at about 
20 km (12.4 mi), to the minimum of tempera- 
ture, at about 70 km (43.5 mi), be called the 
mesophere — and the region of increasing tem- 
perature, somewhere about 100 km (62,1 mi), 
the thermosphere. The exosphere has been used 
to refer to the outer fringe of the atmosphere, 
where the air particles execute long elHptical 
orbits bouncing outward from impacts with 
other particles and falling back under gravity. 
In general, the physical properties of the various 
regions are not yet well enough known to per- 
mit their fixation by an accepted terminology. 

The boundary between the troposphere and 
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AVERAGE SIZE OF MeEORlTES IS 
THAT OF A PEA. 



TWILIGHT LIMIT. FIRST MAGNI- 
TUDE STARS. VISIBLE DIRECTLY OVER- 
HEAD WHEN SUN SETS. 



OZONE LAYER. CONCENTRATION OF 
OZONE m THIS REGION ABSORBS LARGE 
PART OF SUN' S ULTRA VIOLET RADIATION 



BLOOD AT NORMAL BODY TEMPERA 
TURE {98°f), BOILS.AT THIS PRESSU- 
RE ALTITUDE (63,000 FEET). 



RECIPROCATING ENGINE POWER OUT- 
PUT FALLS TO ZERO BETWEEN 55,000 
AND 60,000 FEET. 



WATER VAPOR IN BODY BOILS AT 
PRESSURE ALTITUDE OF 55,000 FEET, 
CAUSING SKIN TO INFLATE LIKE BAL- 
LOON. 



HIGHEST ALTITUDE AT WHICH AT- 
MOSPHERIC OXYGEN IS ABLE TO SUS- 
TAIN LIFE DEPENDS ON PHYSICAL 
CONDITION AND DURATION OF STAY 
115,000 TO 20,000 FEET). 



HIGHEST KNOWN COMMUNITY OF 
HUMAN BEINGS; ANDES MOUNTAINS, 
SOUTH AMERICA (18,000 FEET). 



PAIN NOT NOTICED BY UNACCLI- 
MATED MAN AT GREATER PRESSURE 
ALTITUDE THAN 16,000 FEET. 
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CHARACTERISTICS OF THE EARTH'S ATMOSPHERE 
SUMMARKD EfiOM: JNFORMATiON ftVASLABlf fN IMS 



RADAR CONTACT 




.oixnz 



V-2 



114 Ml 



sm 



STUOV OF METEOR 
TRAILS BY RADIO 
OEaECTtONS 



SOttNDlKe SALLOON <^ 
laifflO FT. 

ANTIAIRCRAFT SHELLS 

lOO.MO FT, 



AIRPLANE 
59,« FT. 



OCCUPip BALLOON/ 

^ , nm FT.,' 




MT. EVEREST \ 
J^4V FT 




REGIQft 



CIRMS CLOUDS 
CUMULUS CLOUDS 



COSMIC RAYS LfGHTNING. . 



IJ 



L 



EARTH'S STRUCTURE 

The earth's interior, like its exterior environment, is presently defined as con- 
sisting of several concentric layers of material. The earth's crust is believed to have 
solidified between 2 and 3 billion years ago. The crjst, which is called the conti- 
nental layer, is approximately 30 miles thick, and is the only solid layer. The second 
layer is called the mantle, and extends to a distance of about 1200 miles tielow the 
earth's crust. The central core is estimated to be about 5500 miles in diameter. The 
temperatures and pressures which exist within the earth are many times those 
which exist in the atmosphere. It has been estimated that the temperature and 
pressure at the center of the earth's core are 3500 to 5500 degrees Fahrenheit and 
3'/; million times the pressure at the earth's surface, respectively. These extreme 
pressures cause the density of the earth's core to tie increased to four or five times 
the average density of the crust. 
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the stratosphere is called the tropopause. It is 
closest to the earth at the poles (approximately 
6 miles) and farthest away at the equator (ap- 
proximately 10 miles ) . 

The troposphere is characterized by a con- 
stant rate of decrease in air temperature as the 
height above the earth increases, by turbulent 
air, and by the varying amounts of moisture 
content. All weather phenomena occur in the 
troposphere, for they are inherently associated 
widi the physical properties of temperature 
gradient and moisture content, 

Winds have been observed up to nearly 30 
km (18.6 mi) altitude wife sounding balloons. 
Average monthly data at sunset near Omaha, 
Nebraska, showed that the wind velocity in- 
creased with altitude from about 10 statute 
miles per hour at the surface to about 60 mph 
at 12 km (39,000 ft) where the stratosphere 
began. As the altitude increased to 20 km 
(65,000 ft), the wind velocity decreased to 20 
mph and then increased to 35 mph at 28 km 
(9.2,000 ft). By meftHS of smoke shells exploded 
at 30 km (18.6 mi) it was found that the aver- 
age summer and winter velocities were 27 and 
83 mph respectively. A maximum value of 147 
mph was recorded in the winter. 

The temperature ranges encountered in the 
various layers of the upper atmosphere are 
shown in the accompanying chart. 

Radiant energy from the sun is absorbed at 
the earth's surface, except for that which is ab- 
sorbed by clouds. The heating and cooling of 
the earth's surface is dependent on the duration 
and intensity of exposure to solar radiation. 

All tempra-ature phenomena in the atmos- 
phere are caused by the presetnce of water va- 
por and by its absorption of long-wave radiation 
from the earth. Near the earth's surface a body 
of air absorbs, by radiation from the earth, more 
heat than it can lose by re-radiation to other 
bodies of air and the heavens. When the temper- 
ature of a body of air increases, the air rises. 
As it ascends, it expands because of decreasing 
atmospheric pressure. With expansion, the ris- 
ing body of air cools, precipitating part of its 
moisture in the form of clouds. Hence, its ab- 
sorption of heat by radiation from the earth 
decreases. 

By repeated cycles of these physical phenom- 
ena, which are commonly known as "weather," 
relatively constant stratospheric temperatures of 
approximately — C are maintained. The wa- 
ter content of air in the stratosphere is so low 
that a balance exists between the absorption of 
radiation from the earth and re-radiation to the 
heavens, resulting in a region of comparatively 
constant temperature. 



Stratospheric temperature varies with lati- 
tude, being lowest over the equator at —80° C 
( -112° F), and highest over the poles at —40° 
C (— 60° F). Temperature reversals may occur 
above the equator in the upper levels of the 
stratosphere. Reversal temperatures of +170° F 
are encountered in the transition from strato- 
sphere to ionosphere. 

Inversions of temperature have been ob- 
served near the earth's surface. For example, at 
the polar regions this inversion is very pro- 
nounced. At Ladd AFB, Alaska, ground tem- 
peratures of —40° C or —45° C are not imcom- 
mon in the winter, while at the same time, at 
8,000 feet, temperatures as high as —5° C may 
exist. Extreme cold (that is, less than —40° C) 
is usually encountered either on the ground or 
in the stratosphere, but practically never at 
10,000 feet, regardless of latitude. 

AIRCRAFT CLIMATES 

Modern military aircraft have very efficient 
cabin and cockpit air conditioning systems. Ade- 
quate ventilation, heating, and cooHng are main- 
tained as required by the aircrew members. Ad- 
justment of automatic controls is usually the 
only requirement for the maintenance of a 
satisfactory cUmatio environment. This is true 
with such aira-aft as the F-86, F-89, F-94, 
Century-Series Fighters, and the B-47, B-52, 
B-58, and other jet aircraft. Problems do arise 
however, as a result of mechanical failure of 
accessory equipment — usually the air expansion 
turbines used for cabin refrigeration. Under 
these circumstances very high cockpit tempera- 
tures may be produced which are quite intoler- 
able for long periods of time. 

Extreme heat due to solar radiation is en- 
countered in aircraft standing on the ground 
and in fighter craft at low and moderate alti- 
tudes (up to 10,000 feet). In parked aircraft, 
internal air temperatures may reach 15° to 20° 
C higher than outside temperature because the 
hot metal of the fuselage heats the impounded 
cabin air. Plexiglas canopies create a "green- 
house' effect in planes parked or flying under 
solar radiation. This effect is due to inward 
transmission of visible and near-infrared radi- 
ation, thus heating the occupant and the walls 
of the cabin, whicia in turn re-radiate far-in- 
frared waves. However, since plexiglas has a 
low transmission for long infrared, radiant en- 
ergy is "trapped" with a resulting increase in 
temperature. 

The advent of high performance aircraft, fly- 
ing at speeds in and beyond the sonic range, has 
raised a furtiiesr potential hazard in respect to 
heat loads on the cockpit enclosure. Heating of 
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the cabin by compression of the atmosphere 
surroanding tbe aircxaft and by skin friction can 
reach 800° F at 1,150 miles per hour near sea 
level. Protection from this heat is afforded by 
refrigeration cooling devices. The rapid rise of 
air and wall temperatures which would result 
ia the event of failure of the refrigerated air 
conditioning has been simulated in laboratory 
experiments. The results of these are summar- 
ized in Figure 17-1. It shows the length of time 
healthy young men can tolerate the various lev- 
els of heat, the tolerance limit being the attain- 
ment of a physiological state close to fainting. 
In addition, preliminary results of experiments 
investigating the ability to perform flying tasks 
are shown, indicating the earliest point in heat 
exposure at vvhich such performance was ob- 
served to start deteriorating in a study of four 
experienced pilots at three temperatures. 

REGULATION OF BODY TEMPERATURE 

In coiiirtioii with other mammals, ta&a pos- 
sesses a delicate hoffleotherrliic mechanism that 
responds to the physical processes of heat trans- 
fer to maintain body temperature of 37° C. 

Physical Processes 

Conduction. This is the transfer of heat 
through, a sohd, liquid, or gas from one molecule 
to another at a rate depending upon the specific 
thermal conductivity of the material and the 
temperature gradient between the two points 
under consideration. The heat exchange be- 
tween mian and his environment by conduction 
is ordinarily small. 

Convection. Natural or gravity convection 
is the process by which a liquid or gas, coming 
into contact with a source of heat, is heated, 
expands, and rises as it is displaced by the 
heavier, cooler liquid or gas that surrounds it. 
Prevailing winds or mechanical ventilation pro- 
duce "forced" convection. Convection losses 
from the body are increased by low tempera- 
ture, wind, and movement of the body. 

Radiation. This is the transfer of heat by 
radiant energy through space in the direction of 
diminishing temperature gradient between two 
bodies. The human body receives heat by radia- 
tion from objects in the environment that are 
hotter than the body, notably the sun, and loses 
heat by radiation to the environment when the 
latter is cooler than the body. Radiation trans- 
fers are proportional to the size of the tempera- 
ture gradient and body area exposed. 

The sum of radiated and eonvected transfers. 



either from the body to flie environment or vice 
versa, is related to the total temperature gradi-. 
ent (Newton's law of cooling). For a jHractical 
grasp of most cooling and heat-load probtans, 
it is convenient to consider them together. 

Evaporation, The body is enabled to lose 
heat by the process of vaporization of -^ater 
from the surface and from the respiratory mu- 
cosa. Such transfer of heat derives from the fact 
that, in the transformation of water into vapor, 
heat is taken up from surrounding materials. At 
usual skin temperattires, the value of 0.58 kilo- 
calories per gram of water vaporized is com- 
monly accepted. 

Stored heat. Because of its large capacity, 
the body is further able to withstand cooling 
and heating stresses with a minimum shift in 
temperature. About 66 kilocalories of heat is 
transferred when the body cools or heats 1° C. 
Critical hypothermia or hyperthermia results 
whten change in storage reaches approximately 
180 kilocalories in the average man, but at les- 
ser transfers, storage may be considered as an 
adaptive mechanism. 

Physiological Processes 

Vascular. Alteration in peripheral circvda- 
tion constitutes one of the most important 
phases of regulation. Effective flushing of skin is 
accomplished not only by changes in tone of 
arterioles, venules, and capillaries, but also by 
the state of arteriolar-venular anastomoses 
( Sucquet-Hoyer canals), which are most nu- 
merous in the extremities. The primary impor- 
tance of the sympathetic nervous system in this 
type of vasomotor activity is well established. 
Afi^ent impulses that alter vasomotor tone 
may arise from many sources, including re- 
flexes from the skin (particularly of the ex- 
tremities) and from brain centers. Vasodilata- 
tion, on the other hand, is caused by a local 
thermal stirnulns, although the possibility of a 
specific vasodilator reflex mechanism is strong- 
ly suggested. 

Metabouc. Under normal environmental 
conditions, the basal metabolism is 40 to 50 kilo- 
calories per sq. m. per hour, and the processes 
of physical regulation are adapted to dissipate 
this amount of heat. At low temperatures in- 
creased muscle tone ( thermal tone ) , involuntary 
muscular activity (shivering), and voluntary 
muscular exertion all act to raise the heat pro- 
duction and thus to restore body temperature. 
In addition epinephrine, by virtue of its calori- 
genic effect, may be a significant factor in regu- 
lation of body temperature. A small Increase in 
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Figure 17-1. Limits of Tolerance and PerformancB ProflGiency at ExtrsmB Temperatures 

Ordinate values represent average air temperature, assimiing wall tempera- 
tures approximately equal to that of the air and a constant humidity of 0,8 
inches mercury vapor pressure iWmm Hg). This humidity level is equivalent 
to a relative humidity of 80% at 79° F or 41.5% at 100° F. 

If the absolute humidity were lovi'er than the above value, all contours would 
move to the right, and vice versa. 



metabolism during hyperthermia has Been con- 
sistently found in man and experimental ani- 
mals; it is attributed to acceleration of many of 
the chemical processes of metaboHsm. 

Respiratory. Similar to metabolism, the res- 
piration is augmented at temperatures both 
above and below the neutral temperature zone. 



At low temperature, ventilation increases, in 
part as a result of heightened metabolism and 
reflex effects of the cold. At high temperatures, 
a deepening of the respiration, often associated 
with a sensation of air hunger, is a sign that the 
limit of tolerance is being approached. Usually 
the rate of breathing is not altered. 



17-6 



FLIGHT SURGEON'S MANUAL 



Secretory. Although insensible water losses 
occur at all temperatures, thermal sweating be- 
gins at a skin temperature of 33° C and increases 
in proportion to heat load. Sweat losses may 
amount to 2 to 3 liters per hour in strong sub- 
jects working in the heat, Temperature of the 
blood is considered to be the most important 
stimulus, but sweating may begin before a rise 
in body temperature occurs. 

Zones of Thermal Regulafion 

Zone of body cooling (24° c and lower). 
As the environmental temperature is reduced 
below the neutral range, and the cooling of 
wind is added, stored heat is lost, as shown 
by skin and rectal temperatures. Cutaneous 
vasoconstrictor activity is no longer adequate 
and, with cooling of the blood and skin sur- 
faces, muscular hypertonus and shivering oc- 
cur. At siiU lower temperatures these trends 
reach their extremes, resulting in a pale and 
constricted skin ("goose flesh") and heavy shiv- 
ering, which may elevate metabolism to three 
times the basal rate. Though final breakdown of 
thermal control depends upon the degree of 
physical activity, amount of clothing, and dura- 
tion of exposure, three eventualities may occur: 

a. If activity is restricted, the extremities, 
notably toes and fingers, approach freezing tem- 
peratures most rapidly, followed by depression 
of general body temperature. This type occurs 
most frequently in aircrew members. 

b. If the individual is physically active, cool- 
ing develops with fatigue; and as exhaustion 
approaches, the vasoconstrictor mechanism is 
overpowered, sudden vasodilatation occurs with 
resultant rapid loss of heat, and critical cooling 
ensues. This is most frequent in arctic or cold- 
weather expeditions. 

c. A third type is represented by "immersion 
foot" or "trench foot." Here, pathological effects 
are caused by long continued exposure to cold 
without freezing. The prolonged vasoconstric- 
tion interferes with the nutrition of the skin and 
results in accumulation of catabolites. Subse- 
quent warming results in extreme reactive hy- 
peremia with edema. 

Zone of vasomotor begulation (25° to 29° 
c). In this temperature range, characterized by 
sensations of thermal comfort, the processes of 
heat production and loss are so poised that 
variations in cutaneous vasoconstrietor tone are 
adequate to maintain thermal balance. Essen- 
tially, the skin serves as a variable insulator. 
With cutaneous vasoconstriction, skin tempera- 
ture is lowered and heat losses caused by con- 
vection and radiation diminish, but vasodilata- 
tion elevates skin temperature and increases 



these losses, Changes in stored heat and me- 
taboBsm are small in this zone. 

Zone of evaporative regulation (29° c and 
i-iighee). The primary defense against hyper- 
thermia is provided by evaporation of water 
from the surfaces of the skin and from the mu- 
cosa of the respiratory tract. Secretion of sweat 
is the active physiological process, accounting 
for most of the water available for evaporation. 
When environmental temperatru'es are higher 
than skin temperatures, and especially on expo- 
sure to intense solar radiation, the evaporation 
may be inadequate to balance the gain by 
radiation and convection; hyperthermia, char- 
acterized by a rising body tempesrature and ac- 
celerated pulse, supervenes, A slight increase 
of metabohsm is caused by the tliermal stimulus, 
the greatest effect is flushed skin resulting from 
maxima! vasodilatation. The consequences of 
failure of heat adaptation may take different 
forms depending on type and duration of expo- 
sure and on the state of acclimatization of the 
individual : 

a. "Heat exhaustion" or "heat prostration" 
results from an inadequacy of ihe circulatory 
system to meet the demands for heat regulation 
imposed by high environmental temperature 
and humidity. Contributory causes in healthy 
individuals include disturbances of fluid balance 
such as result from salt depletion, 

b. "Heat cramps" in the skeletal muscles are 
caused by excessive loss of sodium chloride in 
the sweat. This condition occurs typically in per- 
sons who undergo heavy exertion in the heat, 

c. "Heat stroke" (sometimes called "sun- 
stroke" when observed in ox3en areas where solar 
radiation is excessive) occurs when the heat- 
dissipating mechanism fails, allowing the inter- 
nal body temperature to rise to danger levels. 

Physiological Climate Stresses 

Except in very special circumstances, which 
are seldom of practical importance, environ- 
mental temperature is properly represented by 
the air temperature. This obviously varies with 
season, climate, and weather, but its standard 
relationship to altitude is of most interest to the 
Flight Surgeon. 

Cooling stress — low temperatdbe. In gen- 
eral, cooling stress is proportional to the total 
gradient between the skin and the environmen- 
tal temperature. This detennines the rate of 
heat loss from the body by radiation and con- 
vection. 

Wind exerts a cooling effect upon an object 
warmer than its environment, as in the case of 
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Figure 17-2. The Cooling Power of Air According to Velocity and Amount of Clotliing Worn 



the human body exposed to cold. The magni- 
tude of this cooling is represented in Figure 
17-2 which gives curves of relationship between 
the percentage increase in the calorie demand 
(the total gradient between the skin and air 
temperatures) and wind velocity for various 
amounts of clothing (expressed in do). On 
bare skin the cooHng effect of wind acts in 
this instance to blow away the insulation af- 
forded by layers of warm air at the skin sur- 
face, increasing markedly with velocity. With 
very heavy clothing (4 clo) the maximum cool- 
ing effect of wind is relatively small. Cooling 
stress is, therefore, proportional to the cooling 
gradient, and the added ofFect of wind is ob- 
tained by use of the appropriate curve in the 
figure, when wind velocity and the amount of 
clothing worn are known. 

Heat load — high temperatube. The heat 
load (heating stress) of the atmosj^iliere is also 
proportional to the temperature gradient be- 
tween file body svuface and tiie environment, 
but the relationship here is the opposite of that 



which causes cooling, the body gaining heat by 
radiation and convection. There are two impor- 
tant additional factors: the effect of humidity on 
evaporative loss; and the added heat gain from 
solar radiation. 

The temperature-humidity effect can best be 
assessed in terms of physiological tolerance. The 
relationships are shown in Figme 17-3, which 
presents limits of tolerance for clothed, sitting 
subjects. It is noted that in general a much 
higher temperature can be tolerated when the 
humidity is low (desert conditions) and that 
the tolerable temperatiu'e is lowered as high 
humidity is approached (jungle conditions). 
Line AA gives comfort limits. Lines BB and CC 
show limits at two levels of physiological ad- 
justment; BB gives the boundaries of evapora- 
tive cooling without hyperthermia, while CC 
assumes more stringent conditions in which ap- 
proximately 50 per cent of the total adaptive 
capacity of the acclimatized individual is util- 
ized in a S-hour exposure. With shorter expo- 
sures, of course, more extreme temperature- 
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humidity conditions may be tolerated, as shown 
by lines DD and EE. 

Outdoor exposures in hot climates usually in- 
volve additional heat load from incident solar 
radiation, which has been calculated to be 240 
kilocalories per hour or two to three times the 
resting metaboHsm. Such a heat load can be tol- 
erated when the humidity is low; however, it 
is of practical interest to note that high humid- 
ities, solar radiations, and air temperatures do 
not occur simultaneously in any known climate 
on the earth. Generally speaking, all hot cli- 
mates are tolerable for the suitably acclimatized 
man, except for occasional very temporary oc- 
currences of intolerable extremes of these con- 
ditions. 



TKe Acclimatization Processes 

Acclimatization to cold. Changes in ther- 
mal sensation are an outstanding accompani- 
ment of long term exposure to cold. In the tem- 
perate zones all persons experience this type of 
adaptation to some degree during the winter 
season. Authorities disagree on the extent and 
duration of changes in metabolism with human 
acclimatization, but the metabolism of rats is 
increased by long exposure to cold if the adren- 
als are intact. Other studies emphasize the role 
of the thyroid gland in maintaining a higher 
metabolism under these conditions. Higher pro- 
tein diets prevail in cold climates, and the 
specific dynamic action of this food element 
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Ffeure 17-3. Relationship of Temperature — Humidity Effect 

The limiting environments of temperature and hmiiidity for humtm tolerance, 
employing criteria which range from easy to difficult: A A, the upper limits of 
summer comfort zone; BB, tfie limits of^ evaporative cooling, with little or no 
rise in body temperature; CC, the limits of compensated hyperthcmia; Dl'i, 
60-rainute tolerance limit; and EE, 30-minute tolerance limit. {Winslow, 
Herrington and Gagge; Robinson, Turrell and Getking.) 
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elevates metabolism. Whatever the nature of 
the psycliological and physiological changes en- 
tailed and the extent of individual variation, 
acclimatization to cold is a matter of common 
observation. 

AccuMATizAxroN TO HEAT. The major changes 
occur within a week and are chiefly cardiovas- 
cular in nature. During this period, the circula- 
tion adapts itself to the greatly increased cutan- 
eous blood flow necessitated by the demands 
of heat dissipation. Heat stroke is prone to occur 
if exposure and activity are extreme, but its 
incidence is reduced as adaptation is achieved. 
Internal and skin temperatures, which increase 
abnormally in the heat, assume more normal 
values with acclimatization. The pulse rate also 
becomes stable with acclimatization, 

Later adaptation.s include increased loss of 
sweat, more dilute sweat and, according to 
some authorities, increased plasma volume. 
Apathy, lack of desire to exert oneself, anorexia, 
and many other symptoms of maladaptation, 
which occur on initial exposure, become mod- 
erate or disappear entirely with acclimatization. 
In general, there are no qualitative differences 
between acclimatization to hot-dry and hot- 
humid conditions, and cross-acclimatization is 
effective, Gradations in exposure and activity in 
the heat are recommended to ease the transition 
from the unacclimatized to the acclimatized 
state. 

PROTECTIVE CLOTHING 

THERxrAi. INSULATION. The insulation of the 
body against cold may be measured in clo units. 
The clo is defined as that amount of insulation 
which will maintain normal skin temperatures 
when heat production is 50 kilocalories per sq.m. 
per hour, air temperature is 70° F, and air move- 
ment is 20 ft/min. It corresponds roughly to 
the clothing worn by men in a temperate zone 
during the warm part of the year. It has the 
insulating value of a cloth approximately 0.42 
cm thick. 

The relationship between clothing (in clo 
units) required for various environmental tem- 
peratures is shown in the graph. Cold Toler- 
ance Curves with Clothing. Two facts stand out; 

1. The thermal insulation of the clothing de- 
termine.s the temperature that can be withstood 
in comparative comfort for a 6-hour period or 
longer, but for shorter exposures protection is 
afforded to much lower temperatures. 

2. The limit of insulation with clothing is 
placed at 4 clo because such clothing is about 
l-incb thick, which is the practical limit of per- 
missible bulk and weight. 



Wind phoofness. If wind penetrates the sur- 
face of clothing or enters openings at the neck, 
waist, sleeve, or trouser cuff, as much as 30 per 
cent of the insulation intrinsic in the garment 
may be lost through forced convection of the 
entrapped air, Wind proofness of the surface 
clothing depends upon tough, close-woven shell 
materials of long staple cotton. Adequate clos- 
ures should be provided. 

Thermally adequate footgear and hAjjd- 
GEAB, High surface-to-volume ratios and ther- 
mosensitivo vai'iations of blood flow to the ex- 
tremities predispose them to rapid and extreme 
cooling. Practical coverings may seldom exceed 
2 do because of physical limitations. This maxi- 
mum of protection is reached in footgear by the 
use of adequately large shoes or boots and sev- 
eral pairs of woolen socks. Suitable gloves must 
afford a compromise between the opposing 
requirements for insulation and dexterity. The 
practical solution lies in selecting the thickest 
glove that will permit necessary manipulative 
tasks to be performed and in supplementing this 
with warming mittens, donned when fine dex- 
terity is not required. 

Clothing Assemblies 

The following lists varftius clothing assem- 
blies and tlieir temperature ranges: 

1. Extra heavy temp, range: 
-22° F to -65° F 

2. Heavy temp, range: 
+14° F to -22° F 

Both covered by: 

a. Heavy aircrew assembly 

b. Heavy flying assembly 

3. Intermediate temp, range: 
-M4° F to -22° F 

Intermediate flying suit 

4. Light temp, range; 
-1-50° F to +86° F 

a. Light zone flying jacket 

b. Light flying suit 

5. Very light temp, range: 
+86° F to +122° F 
Very light flying suit 
cotton ( Byrd cloth ) 

6. Ventilated anti-exposure suit temperature 
ranges: 

Bailout at -70° F 

Cold Water Immersion 

Arctic Exposure 

Cabin Air/Wall Temperature 

+165° F 

This clotliing assembly consists of the follow- 
ing clothing items listed in the sequence of don- 
ning; 
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Figure 17-4. Cold Tolerance Curves with Clothing 
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a. Heavy woolen underwear 

b. Anti-G-suit or K2B coverall. 

c. One pair of medium weight wool socks. 

d. The type MA-2 ventilating garment. 

e. The type A coverall ( insulation 
liner ) . 

f . The type MD-1 anti-exposmre suit. 

For the operation of this clothing assembly 
an air source is necessary capable of delivering 
up to 13.5 cfm of air against a back pressure of 
7" of water. The temperature range of this ven- 
tilating air must extend from 50° to 120° F de- 
pending on the thermal situation to be dealt 
with. The air source can either be tiie air-condi- 
tioning system of the aircraft or a specially de- 
veloped, small, light-weight blower which is 
installed into the cockpit and utilizes cockpit 
air for ventilation. 

Warm and hot zone CLormiNG. From 30° C 
up to the temperatiu'e-humidity limits of human 
tolerance, clothing of very hghtweight is used. 
Provided the clothing is permeable to vapor, its 
effect upon heat tolerance is small. In hot-humid 
conditions little or no effect of hghtweight cloth- 
ing is found, but in the hot-dry range, and with 
the additional load of solar radiation, clothing 
serves to increase heat tolerance, particularly in 
extremely hot environments where the toler- 
ance dmation is short. Here, insulation reduces 
the inward transfer of heat by radiation and 
convection, while evaporation loss is little im- 
paired. This furnishes an explanation of the cus- 
tom among desert peoples of wearing lightweight 
but flowing garments which keep the head and 
body well covered. 

Local Cold Iniury (Including Frostbite) 

Exposure of limited body areas to local cold 
may produce abnormahties which vary from 
minor functional disturbances to actual gan- 
grene. These various degrees of injury may 
result whether or not the tissues freeze. This 
emphasizes that the attained tissue temperature 
is not all-important, but rather the product of 
temperature and exposure time. This observa- 
tion classifies the cold stimulus with other phys- 
cal and chemical agents, the effects of which 
are represented by the intensity time curve so 
well known in physiology and toxicology. 

From a pathologic point of view frostbite, 
trench foot, immersion foot, and shelter foot are 
the same. These specific terms merely describe 
the physical conditions under which the injuries 
are incurred. The term "local cold injury" should 
be used to include all such injiu'les. Even chn- 
icaUy it has been recognized that the symptoms 
and signs do not differ qualitatively in the so- 



called various types of local cold injury. Quanti- 
tatively, the signs and symptoms wiU depend 
on the severity of damage and the amount of 
tissue involved. 

iNCmENCE IN usAF. From August 1942 to 
January 1944, 2,008 crew members of the Eighth 
Air Force were frostbitten on combat mdssions. 
During the same time 1,362 men received 
wounds from enemy gimfire. Ten and one-half 
days on the average were lost from flying duty 
by each thermal casualty, and 7 per cent of the 
affected individuals were lost permanently. The 
average loss from frostbite for the entire period 
was 0.58% of all individuals dispatched on 
heavy bomber missions. 

After July 1943, improvement in design, sup- 
ply, and care of the electrically heated flying 
equipment resulted in a decline in the fre- 
quency with which hands and feet were affect- 
ed by the cold. During the same period, frost- 
bite of the face, neck, and ears rose propor- 
tionately. 

From January 1944, the rate of frostbite per 
thousand man missions steadily declined from 
0.50% to reach a low of 0,03% by August. Many 
factors were contributory, but most important 
were: reduction in wind blast, particularly in 
the waist gunner's position in the B-24 and B-17; 
careful indoctrination of flying personnel by the 
flight surgeons; and particular care, supervision, 
and improvements in electrically heated equip- 
ment by the personal equipment officers. 

Etiology. As stated above, the degree of 
local cold damage depends primarily on the 
actual temperature in the tissues and the dura- 
tion of the exposure. Secondary factors which 
play a part in the development of local cold 
injury are: wind velocity; contact with sub- 
stances which alter heat conductivity (metal, 
moisture, etc, ) ; changes in body temperature; 
degree of physical activity; and impairment of 
the circulation by body attitudes, clothing, or 
equipment. 

Physiology and pathology, When tissues 
are exposed to severe frostbite in vivo, vasocon- 
striction occurs followed by blanching and so- 
lidification. As long as the tissues are main- 
tained in the frozen state, no other demonstrable 
changes occur, since at these temperatures no 
measurable metabolism occurs. With thawing, 
however, another series of events results: (1) 
Hyperemia; (2) edema (may produce skin 
blisters) with or without hemorrhage; (3) ne- 
crosis; and (4) healing. 

The vasoconstriction during exposure to cold 
has a dual origin: direct action of the cold on 
the vessels and reflex nerve action, Lewis and 
Love theorized that the remarkable vascular 
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events seen after thawing are set in motion by 
the action of a histamine-like substance from 
the tissue cells injured by freezing. Such a sub- 
Staiice has not been demonstrated. The vasodila- 
tation accompanying thawing may be due to 
paresis or paralysis of the cold-injured vessel 
walls. 

Opinion is divided conceriiing the actual 

cause of tissue necrosis from cold. One group 
believes that the damage is due to direct action 
of cold on tissue ceUs. Another assumes that tis- 
sue damage is secondary to the vascular changes, 
either stasis with sludging of the red cells in 
capillaries or actual thrombosis. Evidence pre- 
sented up to the present indicates that cold 
injury is a true thetmal infary just like a burn. 
But we cannot exclude with certainty the pos- 
sibihty that the abnormal vascular reactions 
caused by cold do contribute to the injury. 

Not all tissues show the same degree of sus- 
ceptibility to cold injury. This can be demon- 
strated experimentally by choosing a degree of 
cold injury that will cause gangrene of the 
muscles of an animal's extremity without result- 
ing in necrosis of the overlying skin. 

The sequence of increasing cold injury, begin- 
ning with the mildest changes and progressing 
to complete gangrene, occurs in the following 
order: 

1. Loss of skin sensitivity, muscular paralysis, 
and atrophy. 

2. Muscle necrosis without skin necrosis. 

3. Combined muscle and skin necrosis. 

4. Complete loss of all exposed tissue from 
gangrene. 

When necrosis is incomplete, connective tis- 
sue proliferates and replaces the gangrenous 
areas to a variable degree. 

Gangrene of frostbitten tissue is of the dry 
type, provided secondary infection does not 
occur. 

Symptoms and signs. The symptoms are 
often mild and transient. This fact is unfortunate 
in that the afflicted individuals are not sufficien- 
ly warned of the impending danger. Often, rela- 
tively mild stinging or prickling is the only 
symptom noticed. The involved parts then 
tend to become anesthetic and turn white, 
waxy, and ultimately solid. During thawing of 
frozen parts, local pain is generally marked. 
Hyperemia and edema (often with skin blis- 
ters) become evident and tend to disappear in 
3 to 4 days. 

The skin becomes dull blue-gray in color, 
often with areas of hemorrhage. Depending on 
the degree of injury, the skin recovers or be- 
comes gangrenous. In the former case, the skin 
appears thinner, shinier, and of finer texture 



than normal — a picture of atrophy. When ne- 
crosis of skin occurs, a demarcation line devel- 
ops in 5 to 6 days between the viable and non- 
viable tissue and dry gangrene finally results, 
Sensatiou in recovered parts is impaired for a 
variable peliod of time. 

Prophylaxis. The prevention of local cold 
injury in Air Force personnel consists of ade- 
quate and proper use of clothing, indoctrina- 
tion regarding the dangers of exposure to cold, 
and the construction of military aircraft to re- 
duce the exposure of occupants to wind and 
cold. 

Treatment 

It must be borne in mind that there can be 
produced in tissues a degree of cold injury that 
precludes recovery. Therefore, when an ejrtrem- 
ity is exposed to very severe frostbite it is pos- 
sible that three indistinct zones representing dif- 
ferent degrees of injury are present: (I) that 
which is injured beyond recovery as far as any 
known therapy is concerned, (2) that which 
is severely injured but which may, in part at 
least, be saved from gangrene by adequate 
treatment, and ( 3 ) that which is minimally in- 
jured and will recover with or without therapy. 
Treatment should be directed toward saving as 
much of the second zone as possible. 

Our ideas concerning the rate of rewarming 
of frostbitten tissues have changed in the past 
few years. Several investigators have shown ex- 
perimentally in animals and one in humans 
that, contrary to popular belief, rapid thawing 
of tissues frozen from relatively short exposures 
results in less loss of tissue from gangrene than 
does slow thawing. Rapid warming in 42° C 
water imtil the tissues become soft is especially 
beneficial with respect to skin. The good results 
with muscle are also definite but not as striking. 
Furthermore, function of limbs exposed to cold 
injury is much better maintained after rapid 
thawing. 

It is not known how long the rapid warming 
catl be delayed and still be beneficial. Nor is it 
known whether rapid warming will be benefi- 
cial when the cold injury is incurred from long 
exposure times. Since it is possible to demon- 
strate tissue damage within minutes after expo- 
sure to cold, it is probable that the beneficial 
results from rapid thawing will be less as the 
time of exposure to cold becomes longer. 

The question as to the advisability of arti- 
ficially causing va.sodilatation or vasoconstriction 
as therapeutic measures has not been decided. 
Those who believe that the tissue damage is 
due to ischemia incident to vasoconstriction 
or stasis advocate vasodilatation by drugs, 
syrapathectoniy, or injection of sympathetic 
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ganglia. Others believe that edema, which oc- 
curs after thawing, results in tissue hypoxia and 
deadi and th«rrfore recommend constriction of 
Ae vessels. 

The use of heparin in the treatment of expe- 
rimental frostbite has been advocated by Lange 
and collaborators. Unfortunately, other iny«- 
tigators have not been able to reproduce their 
results. The rationale of heparin therapy is ba.sed 
on the hypothesis that cold-induced tissue ne- 
CKte to vasciilar thrombosis. There is 
much e.xperimental evidence against this idea, 
and from the experimental results using heparin 
it is very doubtful that it is of value. In fact, it 
is questionable that any form of specific therapy 
will be beaefidal once the cold-injured tissues 
have been returned to body tempCTature. 

Avoi<j^ce of trauma to frostbitten parts must 
be em^mmzeii. Massage or exercise of the parts 



while frozen is to be avoided. Cold injuries 
should be treated as other types of wounds re- 
sulting from physical causes — frostbitten upper 
extremities should be immobilized in slings and 
individuals wftli frozen lower extremitira should 
be transported on Btt^. 

The prevention of secondary infection is of 
paramount importemee. Cold injured parts 
should be treated aseptically by careful cleans- 
ing and co\'ering with sterile dressings. The 
topical applicatioQ of powdered sulfa drugs is 
not indicated. However, the local use of oint- 
ment in which 5 per cent sulfa powder is in- 
corporated reduces infection and also prevents 
the dressings from adhering to the parts. Anti- 
biotics should be used as indicated. Prophylac- 
tic inoculation against tetanus is indicated in the 
more severe local cold injuries. 
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The medical support of an operational missile 
unit is a relatively new field in the Air Force 
today. Due to the limited number of operational 
bases, medical service personnel and the op- 
erating crew personnel have acquired very little 
experience in the true operational base situa- 
tion. Through the adoption of missile weapon 
systems by our services we are approaching an 
entirely new era. With intercontinental ballistic 
missiles coming into the inventory at a markedly 
accelerated rate, the resultant Preventive Medi- 
cine problems must be identified and solved. 

Preventive Medicine is not a static discipline 
and it must always be ready for development or 
for change of emphasis in accordance with the 
requirements of the community it serves, and 
with the progress of medical science. Over the 
years this progress has made Aviation Medi- 
cine— a leading discipline of Air Force Preven- 
tive Medicine and has brought Industrial Medi- 
cine to the fore. The epidemiological approach 
has overshadowed environmental sanitation in 
the control of communicable diseases, and new 
environmental hazards and preventive problems 
associated with nuclear energy have arisen. 

Another adjustment has been to increase the 
emphasis on the care of the health of the indi- 
vidual (as well as the community), because of 
the developing importance of individual tech- 
nical skills and the use of specialist teams. Dur- 
ing these years one operational era has followed 
another as each generation of aircraft excelled 
the last. 

Similarly, the missile era may also be to some 
extent an interim one, spanning the advance 
from aircraft to manned space vehicles. While 
not implying a decline in the importance of 



Aerospace Medicine, it does imply added re- 
sponsibilities for Preventive and Occupational 
Medicine. The amount of our resources now be- 
ing invested in missile weapons systems, on 
which our national defense will so largely de- 
pend, makes the utmost medical supporting 
efFort imperative. Examination of the human 
element in missile operations may show how 
and where such support can best be appHed. 

WEAPONS SYSTEMS 

A Weapon System is an organization of ma- 
teriel and men bound together within a com- 
munications network, and forming a self-suffi- 
cient unit of striking power, either offensive or 
defensive. By this definition an operational 
missile squadron has much in common with a 
bomber squadron or a submarine. Apart from 
such operational parameters as fire power, mo- 
bility and vulnerability, the missile squadron is 
difi^erentiated by the characteristics of constant 
readiness, high speed of reaction, the need for 
utmost reliability, and inability to go into action 
except in anger. 

By the time a weapon system reaches the 
operational squadron stage, everything possible 
should have been done in design and develop- 
ment to insure the highest degree of mechanical 
reliability, and to devise operational proce- 
dures that are within the range of the average 
man's reaction time, accuracy and cttordtina- 
tion. Thereafter, maintenance of mechanical 
reliability and correct execution of operational 
procedures (operational reliability) depend on 
human elements. 

The operation of a missile weapon system 
consists of a series of unduplicated links, failure 
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of any one of which may abort the whole mis- 
sion. The reliability of the entire system can, 
therefore, be no greater than that of its weakest 
link. Since the human element is unpredictable, 
failure of judgment and human error are po- 
tentially links of great weakness. Such weak 
links directly affect reliability, operational reac- 
tion and, hence, mission accomplishment. Ac- 
cordingly, the closest attention must be paid 
to the prevention of human failure for any 
reason. 

Human Failure 

Hardware failures will occur in spite of the 
best efforts of designers and maintenance men, 
but up to a point these may be anticipated, 
quickly diagnosed, and corrected before irrep- 
arable damage is done. Human failures, how- 
ever, are far less predictable occurrences and 
have more variable consequences. At best, these 
failures may amount to loss of readiness, a high- 
ly significant operational factor. At worst, they 
could result in such catastrophes as the acci- 
dental launching of a missile or the complete 
abortion of an operational firing. 

These consequences will usually be directly 
attributable to errors committed by operational 
or maintenance crews. In turn, the genesis of 
such human failures may be inadequacy of per- 
sonnel selection, medical screening and support, 
or leadership. Insufficient attention to the alle- 
viation of "stress" of all lands in the missile 
environment may render personnel error-prone. 

The Epidemiology of Human Failure 

Enough as been said of human failure in 
missile operations to indicate that any medical 
contribution to its prevention would be of value. 
Its etiology, therefore, requires analysis. The 
potential sources include: (1) illness; (2) physi- 
cal unfitness short of illness; (.3) fatigue; (4) 
boredom; (5) mental stress; (6) poor motiva- 
tion; (7) low morale; and (8) lack of ^kiU or 
experience. These are broad headings, over- 
lapping to some extent, but all operating in the 
epidemiology of errors through inattention, in- 
coordination or agitation. 

The individuals constituting the popuL tion at 
risk have been selected because of the • tech- 
nical sldll or experience with little ref ard to 
their aptitude for the environment in which 
they will work. In consequence, a propo tion of 
them are likely to be more or less suscep ible to 
the physical or mental stresses inherent in the 
occupational environment 



The Occupational Environment 

There appears to be nothing in the general 
environment of a missile squadron Likely to in- 
crease the hazards of iU-health, But in the terms 
of noneffectiveness, illness is of utmost impor- 
tance. Missile operation is very much a matter 
of teamwork; hence, a previously mentioned 
emphasis must be put on the protection of the 
health of the individual, no less than that of 
the community. 

If sound industrial hygiene principles have 
been observed in the design of the ground 
installations and support equipment, the occu- 
pational hazards of missile operations will be 
little if any greater than those met in any indus- 
trial shops on the Air Base. However, poten- 
tially injurious fuels and oxidizers are stored and 
handled in large quantities, while the fuel sys- 
tem involves gases and liquids under very high 
pressure. Thus, if accidents do happen, the 
results may be disastrous, 

The most important occupational factors pe- 
culiar to missile squadrons appear to be psycho- 
logical. The predisposing circumstances are: 

1. Perpetual readiness.. 

2. Unremitting shift work and its attendant dis- 
location of normal life. 

.3. Highly repetitive routine procedures which, 
though exacting, do not produce immediate, 
tangible results. 

4. Difficulties in giving realism to ti-aining and 
lack of a yardstick with which to measure its 
efficacy. 

5. Isolation either of the weapon site or by na- 
ture of the job within the squadron. 

6. Liability to personality clashes among close- 
ly associated individuals, 

7. Target phobia or the fear that the site will 
be a priority target and that firing of the weapon 
may well be the last act for everyone in the 
unit. 

These circumstances are not completely new. 
To some extent, similar problems have been ex- 
perienced at isolated stations of other types. 
Others have a parallel to stress factors encoun- 
tered for many years among aircrews. Their 
operational significance, however, now greater 
than ever before, will affect all levels of the 
military ;nit and will operate in peacetime. In 
our aircrews we have for years been dealing 
with an active, ag^e^-we gj p of individuals 
whose basic cai. se of stress was fear. This stress 
was easily surmountable by "courage", or unusu- 
ally strong motn ation and dedication. The oper- 
ational missile squadron, however, is relatively 
passive, its chief enemies being boredom and 
frustration rather than fear. Since boredom and 
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fmstiatioii bear no stigma, they are more in- 
sidious and difficult to combat. 



THE PREVENTIVE APPROACH 

The epidemiological analysis of human factors 
in missile operations suggests that psychological 
rather than physical health problems may well 
predominate. Much more emphasis must be 
placed on the prevention of mental stress with- 
out minimizing in any way the importance of 
physical health. The operational efficiency of 
missile squadrons is highly susceptible to loss 
of technical manpower, and to the effects of 
human failure resulting from illness and lack of 
physical fitness. The preventive medical effort, 
general or occupational, must be thorough, per- 
sistent and well informed. So far as physical 
health is concerned, no new techniques or de- 
velopments are necessary. The psychological 
stress implications deserve further examination. 

Prevenflon of Psychological Stress 

The incidence of psychological stress will be 
reduced if the number of susceptibles in missile 
squadrons is minimized. This requires the elim- 
ination of personnel having psychotic, psycho- 
neurotic or psychopathic traits. Those who, 
without being abnormal, having a reduced 
threshold to stress and also those who, because 
of being square pegs in roimd holes, are idle 
and disinterested. The difficulty in selection 
of this kind is that the supply of men with ade- 
quate technical quahfications may barely meet 
the demand, irrespective of mental characteris- 
tics. 

As in any operational squadron the Flight 
Surgeon must take every opportunity to observe 
men at work and at leisure in order to detect 
stressful situations and individual reactions to 
them. He must also be alert to investigate the 
signs and symptoms of stress in his patients. Such 
surveillance is an essential part of the Flight 
Surgeon's work if he is to perform his advisory 
functions well. Much can be done by supportive 
treatment to help those suffering from stress if 
it is recognized in its early stages. This can, in 
fact, constitute a valuable positive contribution 
to manpower conservation. 

In a missile unit the FHght Surgeon will 
play his normal role as health advisor to the 
Commander. As usual, for bis advice to be 
practical, he must be well versed in the opera- 
tional and technical functions of the unit. The 
Commander is likely to be faced with the par- 
ticularly outstanding problem of promoting and 



maintaining squadron morale. Here the Flight 
Surgeon can afford his Commander support of 
a special value. He is in the best position to 
know whether psychological factors detrimen- 
tal to morale are operating, how they are affect- 
ing the men, and what remedial measures are 
advisable. 

Throughout history morale has been a pri- 
mary challenge to the Commander's power of 
leadership. The challenge is small in victory; in 
adversity it can be overwhelming. The missile 
squadron situation may not be exactly adverse, 
but it is no more than neutral. If it contains 
elements favorable to the development of esprit 
de corps, it has others likely to sap morale as 
time goes on. 

Missile squadrons are new units having an 
important mission operating in a new field. 
The personnel have been picked for skill and 
experience. It should not be difficult to make 
them feel proud in this situation and to regard 
thcselves as an elite in whose hands national 
security rightly lies. The material for the es- 
tabhshment of esprit de corps is clearly there. 
If esprit de corps is a foundation of morale, con- 
fidence is its main buttress. The squadron must 
be molded into a group confident in its Com- 
mander, its weapons, and its chances of success 
and survival if called upon to fight. Individuals 
must be thoroughly briefed in the squadron's 
mission and its significance, and each must un- 
derstand the value of his own contiibution to 
these. 

The men must have confidence that the 
Commander, through his staff, is familiar 
with their problems and is doing all that ean be 
done to alleviate these. They must trust the 
administrative organization, and particularly 
those parts supporting personal or domestic se- 
curity, welfare, and justice. Here the Flight 
Surgeon can contribute directly by insuring a 
medical service, for the men and their depend- 
ents, that inspires confidence. 

High morale will raise the threshold to stress. 
The major stresses are likely to be boredom and 
frustration arising from constant readiness, de- 
nial of seeing the results of effort, and repetitive 
routine of maintenance and training that may 
become extremely monotonous. It will, there- 
fore, be necessary to attempt making the day- 
to-day work of the squadron as stimulating as 
possible. Realistic, competitive training is one 
solution to this problem. 

TOXICITY AND HEALTH HAZARDS 
OF ROCKET PROPELLANTS 

Rockets and other guided missiles require 
fuels which deliver ex'xemely large amounts of 
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energy to small combustion chambers in short 
periods of time. This demands combustible ma- 
terials of high energy and reactivity, coupled 
with powerful oxidizers. In many instances these 
fuels and oxidizers and their decomposition 
products are poisonous, and conditions attend- 
ing their use may present hazards to personnel. 
Thus it becomes important for members of the 
missile crews to be educated in the nature of 
the hazards, how to prevent injury, and how 
to administer first aid if exposure occurs. Missile 
launch crews and fuel handling crews receive 
instruction in these areas during their training 
period prior to assignment. However, it is the 
responsibility of the Flight Surgeon to continue 
this type of training of the crews under his 
supervision. 

Toxicity may be defined as the inherent abil- 
ity of a chemical to produce injury once it gains 
access to the body. Hazard may be defined as 
a likelxhood of toxic injury prevailing during the 
handling and use of the chemical. These defini- 
tions disclose that a chemical is not necessarily 
hazardous despite great toxicity, because under 
the usual circumstances of handling the chemi- 
cal the hkelihood of toxic exposure may not 
arise. Also a chemical of low or moderate 
toxicity may be extremely hazardous if the cir- 
cumstances of its handling provide adequate 
exposure for toxic injury. 

Fundamentally, the best means of dealing 
with a poison is to avoid it. Often this is not 
possible, of course, and other means must be 



sought. Avoidance or prevention of poisoning 
may be achieved in one of many ways; use of 
protective clothing and equipment; adequate 
ventilation of facilities; and safety design of all 
equipment associated with the use, handling, 
and storage of toxics. Hence, a concentrated 
effort to reduce or eliminate hazards by super- 
visors, Safety Officers, Flight Surgeons, engi- 
neers, operators, and others is required to de- 
vise and maintain safe handling procedures and 
Other protective measures. An essential part of 
such a program is the education of all potential 
handlers in the hazard and its control, and 
self-aid and first-aid. 

The nature and extent of preventive proce- 
dures are determined by the likelihood of expo- 
sure under the conditions of liandling and use, 
by the potency of the poison, by the nature of 
its poisonous eifects, and by the manner in 
which it gains access to the body. In the event 
of failure of the precautions at any point, re- 
moval of the poison from personnel and removal 
of the person from contaminated areas is indi- 
cated. This implies advance provision for de- 
contamination procedures and equipment. 

Without exception, adequate water supplies 
for deluge showers, eye baths, and neutralizing 
solutions must be provided at storage and using 
sites. In many instances self-contained respira- 
tory protective devices must also be provided. 
A brief insight into some of the propellants used 
in tire United States Air Force is presented in 
Table 18-1. 



Table 18-1. Effects of Exposure to Propellants 
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Tabig 18-1. Effects of Exposgrg to Prvpsllants— Gonlinaeil 



Liquiil Contict 



Partali a Entry 



UCMH 

(orJP-X) 
HH, 



^ AAiline 



Furfuiyl 
McsM 
CJ»i- 
OCHiOH 



Anhydrous 
NH, 



CIMmr 
GtUKk 




immfidiatQ andvlalent 
irritation of the nose 
^nd thrGat, itchirg, 
burning, and swelling of 
the eyes. Temporary 
blindness may occur 
upon contact with the 
eves. May prndure Ituer 
arK' ■: ■ |^r!i->oni[lg. 

Headache, nausea, 
ringing sensations in the 
ears, weakness in limbs, 
disturbances oF sense of 
smell, sight, taste and 
heaiinf; rjipid puEsa and 
blueness a1 the skin 
(cyanosis). Breathing 
may become difficult. 
Chills, unconstiousness, 
deatli. A nerve and 
blood polMn, 

Toxicity irtormatiDO is 
limited. 



cantimis for 15 rranutBl 
Eyes shoirid then be Erri- 
1^ mSi t3% boric 



solution, or floDd wiUi 
water. Water fiui 
^Id In mamA\ 
in appKcatifHi of 
add [HstL 



3 



High toxic rating. 
I rritate£ nose and 
throat May cau^e lung 
damage. 



Htgh toxic rating. 



' Goigbrs. sBitat^ fuel 
liandler's gfoyes^ luH 
covfif}ge suite and nil 
boots required. Safety 



A 



Flush immediately with Mild sensitizei. Majr High toxic rating. 

10 15 rrvnutfls. cwtt cortact deniflift Readily absorbed. 
Saturated botic xid Wsh mU watsr ^ 




High toxic rating. 
Readily absorbed. 
Respirators required 
when atmospheric 
concentradon exceeds 
5 ppm. 



\ High toxic rating. 
i Readily absorbed. 



prolorgGd contact 
and 
nnh aM 



Eye irsltatiol, con- 
junctivitis, swelling Qt 
the (Eyelids, irritation ot 
iic'^o 15 nd 'hroat, 
:ou^i'.nii;. dyspnea a^^d 
voinittng. Severe injury 
to linings of respiratory 
passages may cause 
death. 



r^oderate toxic rating. 
Slight absorption. 



|i/loderaie tosic rating. 
IrrjtaUon to mucous 
membranes of the nose, 
throat, lungs, ttazard 
is afight at ordinary 
temperatures because of 
its low vapor pressure. 




Toxic when ingested. 
Moderate toxic rating. 



Irritating to ejes. 
Corneal u4cefs tiave t>een 
reporteil iDtkMing liquid 
splashes. Wash with 
wate; for 15 minutes 
bd«e treAment 



Absorption is minor. 



Liquid OKygen is non- 
toxic. Continued 
breathing ot concen- 
trated oxygen gas will 
a:t as a stimulant and 
in extreme cases may 
produce an effect similar 
to drunkenness. Liquid 
I contact may destroy 



S^ma "bun^ « 
contact Roshfi^wt^ 
wtfH. Hay raorft in 



Stinging or burning 
sensation at sight ot 
contact. Area contacted 



B«nQ on cofdact wHlt 
the eyesL Fhsli ^es 
with wal« %ss 15 



Serious burns on am 
tact. Jmrr^edtale «ffeds 
may be minir^izet^ by 
soaking live aff^ed 
F^rts in water tor a few 
miniites. Wensive burns 
require medical atten- 
tion as soon as po^bte. 
Pefmanenl i" ~ 
dwlDl' 



No ii^zard from 
absorption. 



Nausea, vomiting, 
headache, dizziness, loss 
of muscle controJ, 
abdominal patn, blind- 
ness, convulsions, 
i damage to the brain, 
I and death. Symptoms 
I are usually delayed for 
f 9 to 3G hours after 
exposure. 




Exposures to air con- 
centration in excess ot 
IftOO ppm may cause 
headache irritation of 
the eyes, nose and 
throat and ?1 long con- 
tinued, drn^wsiness and 
lassitude, loss ot 
appetite and inability 
to concentrate. 




NegUB>&lB absorption 
thru sMi). 



Absorbed thru shin. 
Wash skin immediately 
if contaminated. 



Slight toxic hazard 



Some absorption might 
occur, but it is of 
secondary importance 
compared to its 
irritating effects, 



Possibility of ingestion 
is remote. Irritating 
properties could be of 
, primary ooncern. 



PfOtedion tor eyes and 
respiratory tract required 
in coflcertfration above 
100 



Likelihood ot ingestion 
is remote. Absofplion 
would b« negligibk but 
burning would De 
severe. 



Vapors are irritating to 
nose and throat. 



Asbestos d _ 
(^Fwne ledtwr glons, 
lenilier footwear, twad 
and fxc prot^ion re- 
quired, flame resi^ant 
doUling necessary. An 
t&mn tA a^^toved 
BaMat necessary wt^en 
Hqud oicypn is b 
: in an open s. "_ 
Sat«ty show^l 



If swallowed, encourage 
vomiting. Administer 
warm milk or sodium 
bicarbonate and obtain 
medical aid. 




Sat^y slnwff nit ^ 
wasli 4«ontaiflS m 
Fult owerase of a. . 
prDlBctim wte Hid' 
nod^ ^Wes, i|{0(gh!S, 
and beats (pef^m^- 
cMifide coatod) : ' 
' bewofn wIkrI 
ortrmsf^ncN 



Slight irriUtion to 
mu€Ou$ membranes. 
Readily absorbed. 
Odor detectable at 
400 ppm. 



Readily absorbud. lOOD 
ppfli exposure for 8 
hours causes severe 
Irritation to membranes 
of upper respiratory 
tract. Odor detectable 
at 2 ppm. 



Readily absorbed. IG ml 
(1/3 ounce) may cause 
biindness. Le^than 
1/2 pint may cause 
death. 



Readily absorbed. 




Boranaity raqHii 
haadEi^ slors^ , 
iiq or bwi^ o( the 
afciM. Ejne-wtth foun- 
^n requirel Safety 
showers not require bet 
desirable. Respirator re- 
quired tt atmospheric 
concentration exceeds 
llXO ppm. 



Irritation of ey«s and 
respiratory tract. High 
concenttations cause 
vomiting, convulsions, 
and death with the 
Ittngs, Jiver, kidneys and 
adrenals showing 
evidence of injury. 



mlir prior Ip « 



Skin "iHirns" similar to 




Slight absorption. 
Evaporate extremely 
fast 



Irritation to entire 
respiratory tEact. Sewere 
tiigh concentrations. 
Absorption is rapid. . 



Possibility of swallowing 
ethylene oxide is remote. 




phefie CQiKwflratfnis 
■■ exceed 50 E^m. Hand, 
Eoot, h^, lace, aod 



Dizziness, abdominal 
cramps, vomiting, bloody 
diarrhea, weakness, 
convulsions and collapse, 
Small repeated doses 
may lead to weakness, 
general d^resston, 
headache and aiental 
impatnneiiL 



Rush una 

forlSfl 



Pfglonged or repeated 
contact causes skin 
iniury ranging from 
ydtow [fiscetoln^ 
throu^ mariied iiritt- 
'1n& and 



Systemic effects have 
not been obasrved to 
result from skin contact. 




May cause injury if 
innaled. However, the 
vapor hazard is not 
Kreal because of its low 
vapor pres^re. 



May cause injury if 
swallowed. 
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Aeramedical 



Implications of Space 
. . • . Operations 



The development of an atmosphere-inde- 
pendent propulsion device^ the rocket, duimg 
the past 20 years has added the space compo- 
nent to human flight. Consequently, medicine 
has developed in addition to its air arm — aero- 
medicine, a space arm — space medicine. Be- 
cause of the close interrelations between these 
two, the combination aerospace medicine has 
also come into use; however, as a medical coun- 
terpart to space technology in rocketry and 
astronautics, the term space medicine has firmly 
established its place in the life sciences involved 
in space activities. It is more or less identical 
vnth bioastronautics, a word combination which 
indicates its concern with the life of an astro- 
naut. The life sciences engaged in the explora- 
tion of space, also include the problem of 
indigenous life on other celestial bodies, for 
which the term astrobiology is generally ac- 
cepted. 

The following survey will be confined to the 
human factors involved in manned space flight, 
namely, to space medicine. 

The fundamental space medical tasks are: 

1. To implement medical requirements in the 
designing and engineering of space vehicles. 

2. To provide medical ground support at 
launching sites and at tracking stations. 

3. To evaluate ecologically the physical envi- 
ronments found in space and on other celestial 
bodies. 

4. To provide life support and protection in 

these environments. 

5. To facilitate the tolerance of the G spectrum 
encountered in the motion dynamics of the 
space flight trajectory. 



6. To study the psychophysiological behavior, 
performance capabilities, and the potentialities 
of an active role of the astronaut in space op- 
erations. 

7. To contribute to rescue and recovery opera- 
tions. 

8. Selection of astronauts. 

9. Theoretical indoctrination in, and experi- 
mental familiarization with, space flight condi- 
tions in a simulated form, 

10. Preflight preparation of the astronauts. 

11. Postflight observation and medical care if 
necessary. 

12. Medical evaltiation of actual space flight 
experiences for further programming of space 
projects. 

Not all of these problems will be treated in 
this chapter because some are discussed else- 
where in this manual. Pertinent references 
which further elaborate on each of these prob- 
lems are found at the end of this chapter. The 
following paragraphs will be devoted essentially 
to Hie environment in space flight, siihdicision 
of space, and types of space operations, as an 
introduction into the background reahties of the 
role of medicine in man's conquest of space. 



MEDICAL ASPECT OF THE SPACE 
ENVIRONMENT 

In order to understand the tremendous task 
of keeping a man alive ill the environment of 
space we must know its basic structure. We 
must also know at what altitude space begins, 
and with what environmental variations we 
have to reckon. 
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^he Transition Zone Bf tween 
Atmosphere and Space 



The Basic Structure of the 
Sjpace Environment 

The environment of space contains pieces 
and particles of matter, and is permeated by an 
enonnous flux of quanta of energy. Some of 
them can be utihzed for manned flight — most 
are harmful, and protection against them must 
be provided, The contents of matter and energy 
in space are: meteoritic material; neutral and 
electrically charged dust particles; neutral and 
charged molecules and atoms; atomic particles 
such as electrons; atomic nuclei and their con- 
stituent parts which represent the so-called 
particle rays and which above a certain energy 
level ( 1 billion electron volt) are called cosmic 
rays; electromagnetic radiation; magnetic field 
forces; and gravitational field forces. 

The low gas density ( about 1 to 10 per 1 cm^ ) 
gives the environment of space the characteris- 
tics of a very hard vacuum with a pressure in 
the order of 10"^* mm Hg. In such a vacuum 
environment heat transfer is possible only by 
radiation. Scattering of light is minimal with 
the result that the sky in space is dark despite 
a brightly shining sun ( darkness of space ) . 
Furthermore, sound propagatioil in such a me- 
dium is out of the question (silence of space); 
and finally, motion and navigation of a vehicle 
is governed exclusively by gravitational, iner- 
tial, and propulsive forces without any aerody- 
namic support or interference. Such, in brief, is 
die basic picture of the environment of the 
space vpithin the solar system. 

But space is not uniform and static in its 
structure throughout our solar system. It shows 
enormous regional variations and temporal fluc- 
tuations. The regional variation.s are a function 
of the distance from the sun, the result of the 
vicinity of celestial bodies, and of their mag- 
netic and gravitational fields. The temporal 
fluctuations are caused, essentially, by irregu- 
larities in the activity of the sun. Both of these 
environmental diffei'ences in space are of med- 
ical importance because they are indicative of 
specific danger zones and of time periods of 
increased hazards for manned space operations, 
and thus set definite limitations to astronautics. 

From a space medical point of view, this 
sifi^tion requires a topographical approach to 
the space environment after the fashion of 
geography, and can properly be called spati- 
ography. tikie of the first spatiographic ques- 
tions is: "Where above the earth's surface does 
space begin?" 



According to general astrophysical assurap' 
tions, the atmosphere as a material continuum 
extends to about 1000 km ( 600 miles ) . In these 
altitudes, the free pathway between the air 
molecules and atoms is so wide that collisions 
between them are very rare and the atmosphere 
thins out in the form of a spray zsone (exos- 
phere) into the nearly perfect yacuum of space. 
But this physical aspect is not relevant to 
manned space flight. In this respect the cessa- 
tion of the atmosphere's life-supporting, Ufe- 
proteeting and flight-supporting aerodynamic 
functions and effects determine the border be- 
tween atmosphere and space. 

At least ten such functional borders between 
atmosphere and space can be differentiated. 
They are enumerated in Table 19-1. 

Table 19-1. Atmospheric Functional Borders or 
Space Equivalent Levels 



At about 15 km the barometric pressure de- 
creases to 87 mm Hg. This is the combined par- 
tial pressure of carbon dioxide and water vapor 
in the alveolar air. This means ambient air can 
no longer enter the lungs; hypoxia tm-ns into 
anoxia despite the fact that the atmosphere at 
15 km still contains oxygen. This is the first 
functional border between atmosphere and 
space. 

At 20 km the total air pressure drops to a 
level (47 mm Hg) which is no longer effective 
to keep the body fluids at 37°C in the liquid 
state and prevent them from boiling (ebul- 
lism). In addition to blocking metabohsm by 
anoxia, the low atmospheric pressure now leads 
to a morphological destruction of the tissue by 
vapor formation — a typical vacuum effect. 

At about 25 km the rarified air can no longer 
be utilized for cabin pressurization, so that a 



Anoxia 


at 15 km 


End of physiologically effective 




airpressure (Ebirllism) 


at 20 km 


Necessity of Sealed Cabin 


at 25 km 


Primary Cosmic Rays 


at 40 km 


Ultraviolet of Solar Radiation 


at 45 km 


(Full Range and Intensity) 




Ceiling of Aerodynamicaily 




Controlled Flight 


at 60 to 80 km 


No Scattering Light 


at 80 to 100 km 


(Darkness of Space) 




No Propagation of Sound 


at 80 to 100 km 


(Silence of Space) 




No Atmospheric Absorption 




of Meteorites 


at 120 km 


No Friction Heat 


at 160 km 


No Air Resistance 


at 20Q km 
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sealed cabin with an artificial atmosphere is re- 
quired. 

At 40 km wc are beyond the region of atmos- 
pheric absorption of cosmic rays and therefore 
encounter them in their original primary form. 

At 45 km we encounter the sunburn-produc- 
ing ultraviolet of solar radiation in full range 
and intensity, which is absorbed within the 
altitude range of the ozonosphere (20 to 45 
km). 

Tlie 60 to SO km level is the limit for aero- 
dynamic navigation by control surfaces even for 
the fastest winged eraft 

At about 80 to 100 km tlie rarified air ceases 
to scatter light, leading to the so-called darknes-'i 
of .space. 

At about the same altitude propagation of 
sound terminates, resulting in the silence of 
space. 

At 120 km we are beyond the meteor absorb- 
ing region of the atmosphere. 

This is practically also the limit for aerody- 
namic fricHon heat, even for the fastest vehicle, 
and from here on the temperature of the cabin's 
hull is determined exclusively by solar radia- 
tion. 

Finally, at about 200 km (120 miles) drag of 
vehicles by air resistance approaches zero. This 
"mechanical border" of the atmosphere is its 
final functional limit, At tliis altitude the "ap- 
preciable" or "effective" atmosphere terminates. 

Thus, vcifh the termination of its various func- 
tions, the atmosphere becomes partially space 
equivalent at 15 km and progresses step by step 
to foial space equivalence at 200 km. 

Three of these functional borders in the at- 
mospheric space-equivalent region, where at- 
mosphere and space overlap, deserve special 
attention. 

1. The physiological limit of effective air pres- 
sure at about 20 km ( 12 miles ) is that at which 
the environment for the unprotected human 
body attains the equivalent of a vacimm as 
manifested in boihng of body fluids. For all 
practical purposes we can use this most impres- 
sive phenomenon wlu'ch requires full antivac- 
uum protection as the beginning of atmospheric 
space equivalence in a physiological sense. 

2. The limit for aerodynamic navigation by 
control surfaces is at 60 km to 80 km (36 to 50 
miles) (Von Karman Line). It determines the 
end of the atmospheric flight or aeronautics in 
a technical sense. Above this line we deal ex- 
clusively with ballistics, and navigation by con- 
trol surfaces has to be replaced by reaction 
control. 

3. The mechanical limit for air resistance is at 
about 200 km ( 120 miles ) . Here we enter the 
region of the "Kepler Regime" where the laws 



of celestial mechanics, unhindered by air re- 
sistance, are fully eflfective. It is here where 
true space or that environment specific for astro- 
nautics begins. 

The Ecology of the Space Environment 

Regional variations. Beginning with mate- 
rial contents of larger dimensions, the meteor- 
ites vary in size from large lumps of matter to 
micrometcorites as small as white blood cells. 
Their over-all frequency distribution increases 
with decreasing size. The average velocity of 
meteorites is about 40 km per second (25 mi/ 
sec) at the orbital distance of the earth, where- 
as micrometeorites have lower velocities down 
to about 12 km (7 mi/sec). There are note- 
worthy regional differences in the distribution 
of meteoric material and its velocity. Near the 
earth a space vehicle is shielded by the planet's 
solid body over a large solid angle. On the other 
hand, the earth's gravity increases the velocity 
of tlie attracted meteorites at short distances 
from the earth. 

Meteoric material is essentially found in the 
plane of the ecliptic and therein it is concen- 
trated in streams along the orbits of disinte- 
grated comets, of which most meteorites are 
remnants. Their frequency may also be greater 
within the belt of the asteroids, a second source 
of meteoritic material. 

Collision of a space vehicle with meteoric 
material may result in either puncture or sur- 
face erosion. The probability of a hit by a me- 
teorite with punctm-e capability has been esti- 
mated to be one in 2-12 months of space travel. 
The effects of a puncture may be a slow, rapid, 
or explosive decompression of the cabin's air 
with dangerous consequences for the cabin oc- 
cupants, such as anoxia, aeroembolism, or boil- 
ing of the body fluids (ebullism), In such an 
emergency the "time of useful consciousness" of 
the crew may offer a chance to seal the leak. 
Self -sealing devices and meteor bumpers (a 
secondary shell surrdimding the cabin) have 
been suggested as means for protection. 

Erosive effects by fine meteoric material on 
surfaces exposed to space may affect the trans- 
parency of optical surfaces, the characteristics 
of heat-absorbing and reflecting surfaces of the 
cabin, and radio antennas. From data recorded 
in artificial satellites some information has been 
obtained about the impact rate of micrometeor- 
ites. The full significance of this phenomena is 
still not known. 

Material particles smaller than 0.5 micra are 
gencjrally referred to as dust, and may be "pul- 
verized meteoric material" of cometary origin. 
By and large, interplanetary dust is concen- 
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trated like the meteorites in the plane of the 
echptic witli about 1 particle in 10 cubic meters. 
Dust may also be more dense in upper atmos- 
phere and above. 

Interplanetary duSf arid micrometeorites, by 
reflection and scattering of solar light, produce 
the so-called zodiacal light, a faint luminance 
within the zodiac, visible after sunset and be- 
fore sunrise on a clear, moonless night. 

Space also contains gas particles found in 
numbers of about 10 in 1 cm^, and consisting 
mostly of hydrogen. In the region of the inner 
portion of the solar space most of them are 
ionized by iolar ultraviolet radiation; conse- 
quently, space contains electrons. In addition, 
the sun continuously ejects large amounts of 
electrons into space, The total number near the 
earth's orbit is about 10 to 100 electrons in 1 
cm*. Electrically charged gaseous material is 
called plasma. 

Of special medical interest arc high energy 
atomic nuclei completely stripped of their elec- 
trons and moving at very high speed. Very high 
energy particles are called cosmic rays, and 
may be of solar or galactic origin. In interplane- 
tary space, generally, an omnidirectional flux of 
these corpuscular, or particle rays, is prevalent. 
Here again tliere are regional variations and 
temporal fluctuations. 

Primary cosmic ray particles are encountered 
as low as 40 km (25 miles); below this altitude 
tliey collide with the atmospheric molecules 
and are transformed into secondary and tertiary 
particle rays to which we are normally exposed. 
Furthermore, in the vicinity of the earth a space 
vehicle is protected from the primary cosmic 
rays from below by the shielding solid body of 
the earth. 

The most remarlcable regional \'ariation of 
these particle rays is related to the geomagnetic 
field. They are channeled into the polar atmos- 
pheric regions along the magnetic lines of force 
causing the polar lights over the equatorial re- 
gions. Some of these particle rays penetrate the 
magnetic field, some are deflected back into 
space, and others are trapped, thus forming a 
huge radialion hcJi consisting of two zones, dis- 
covered by means of the Explorer Satellites in 
1958 by J. Van Allen. 

The inner zone extends from about 800 km 
(500 miles) to 6000 km (4000 miles). It con- 
tains, in essence, trapped protons, which are 
produced by beta decay of cosmic ray neutrons 
scattered outward from the fringe regions of the 
atmosphere. The outer zone consists, primarily, 
of electrons of solar origin. This zone extends 
from 12,(MM) km (8000 miles) to about 80,000 
km (50,000 miles). 



The existence of this great radiation belt 
poses a serious problem to manned -pace flight 
with regard to shielding. Only low orbits, as we 
might call orbits below the radiation belt of the 
earth, are relatively safe for manned flight. Me- 
dium orbits which cover the whole radiation belt 
from 800 km to 80,000 km are too hazardous 
unless heavy shielding is used, and the high 
orbits beyond this altitude probably are not 
very practical or useful. 

It is too early to make definite statements as 
to what degree of shielding will be required for 
protection from the basic particle ray flux, and 
from those particles trapped and concentrated 
in the earth's magnetic field (especially when 
their flux is intensified by jet streams of solar 
plasma ejected from the sun). We must at pres- 
ent confine ourselves to the general statement 
that the radiation doses inside the cabin must 
be kept below the permissible maximum level 
which is determined by a significant health or 
performance decrement. 

The next important environmental factor in 
space is solar electromagnetic radiation, which 
includes the range from X-rays of about 6 ang- 
strom, ultraviolet rays, visible rays, and infra- 
red rays, to radio waves of more than 10 meters 
wave length. These rays can be both harmful 
and useful. Since this radiation varies with the 
inverse square of the distance from the sun, the 
variations within the solar system are enormous 
and differ tremendously from the values found 
at the earth's mean orbital distance. 

Table 19-2 shows the total solar irradiance, 
expressed in cal cm"''min"^, and solar illumi- 
nance, expressed in lumen per or lux, and 
the intensity ratio for both at the mean dis- 
tances of the various planets from Mercury to 
Pluto. 

The intensity of the total radiation from the 
sun, including heat radiation at the top of the 
earth's atmosphere, is roughly 2 cal cm"^ 
min"^. This value is known as the terrestrial 
solar constant. Using the values at the earth's 
distance as a baseline, we find that the inten- 
sity for total irradiance and illilininance nearly 
doubles at the orbital distance of Venus, and at 
the mean orbital distance of Mercury it is more 
than six times as high. At the distance of Mars 
it decreases to less than one half; at Jupiter's 
distance to one twenty-seventh, and in the re- 
mote region of Pluto the intensity drops to 
about one sixteen-hundredth of the terrestrial 
value. 

Kno\\'lcdge of solar thermal irradiance within 
the solar system is important for temperature 
control of space cabins, and that of solar illu- 
minance is of interest with regard to vision and 
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Tabis 19-2. Solar, Total Irradlance and llluminanDe at the Mean Distance of Planets 
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Mercury 


57.9 


0.38 


13.3 


935,000 




35.9 






Vsnus 






i.M 


267,000 




67.2 






Earth 


149.6 


1.00 


2,0 


140,000 




92.9 






Mars 


227.9 


1.52 


0.86 


60,300 




141.5 






Jupiter 


777.8 


5.20 


0.74 


5,170 










Saturn 


1428.0 
886.2 


9.54 


0.022 


1,530 


Uranus 


2872.0 


19.19 


0.0054 


380 




1728.8 






Neptune 


4493.0 


30.07 


0.0022 


155 




2793.5 






Pluto 


5910.9 


39.50 


0.0013 


90 




3670.0 







the utilization of solar light for photosynthefic 
regeneration of the intracabin environment. In 
all of these problems the shadow cones of the 
earth and of the other celestial bodies cannot 
be ignored. 

Not enough physical data are available at 
present for a biophysical evaluation of ultravio- 
let and X-rays in the space of the solar system. 

Temporal fluctuations. These regional dif- 
ferences in the radiation climate in our solar 
system are not in a steady state. Rather, they 
show temporal fluctuations because of varia- 
tions in the activity of the sun. The latter are 
frequent and occur in the form of flares and 
eruptions. These phenomena on the sun's sur- 
face, associated with son spots, lead to intensi- 
fied electromagnetic radiations, and to ejec- 
tion.s of huge amounts of particle rays, such as 
protons and electrons (winds of solar plasma), 
As a result of such solar events, the radiation 
intensity in the upper atmospheric polar regions 
of the earth and in the path of the solar jet 
streams and in the outer radiation belt, may 
temporarily reach values considerably higher 
than during the time of a normal, quiet sun. 

The sun-spot cycle in of an eleven-year dura- 
tion. The consideration of this time pattern is 
important for scheduling manned space opera- 
tions. 

The Gravitational Situation in Space 

The picture of the biophysics of space would 
not be complete without including some aspects 
of the gravitational situation in space. It is the 
gravitational forces which determine to a great 
extent the routes of space vehicles, and the 
duration of their exposure to the various ecolog- 
ical space conditions. 
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Astronautics is especially interested in tbe ex- 
tension of the region within which the gravita- 
tional forces of one specific celestial body are 
predominant, which can be called grmyisphere. 

We can diflferentiate between the inner grav- 

isphere and the outer gravisphere. The inner 
gravisphere represents the region within which 
the gravitational attraction of a planet is able 
to hold a satellite in orbit; that is, the potential 
satellite sphsere. The outer gravisphere includes 
that distance beyond the potential satellite 
sphere within which the gravitational force of a 
celestial body is still strong enough to cause 
considerable disturbances of the trajectory of a 
space vehicle. The inner gravisphere of the 
earth, or its potential satellite sphere, extends 
to 1.5 million km (1 million miles). 

Beyond this distance the gravitational field of 
the sun is predominant and a space vehicle 
becomes a planetoid moving from a geocentric 
orbit into a heliocentric orbit. Table 19-3 
shows the radii of the (inner) gravispheres of 
all the planets. They grow in size as a function 
of their mass and of the distance from the sun, 
because solar gravity becomes weaker with in- 
creasing distance. 



Table 19-3. Radii of Planetary Gravispheres 



Mercury 


0.22 


Million km 


Venus 


1.0 


tl II 


Earth 


1.5 
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Mars 
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Jupiter 


53 


1> It 


Saturn 


65 


It It 


Uranus 


70 




Neptune 


116 




Pluto 


57 




Moon 


0.060 
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The moon's gravisphere extends to about 
60,000 km (36,000 miles) from its center. The 
sun's gravisphere reaches far beyond Pluto. 

The concept of the gravisphere is useful for 
a better understanding of the first astronautical 
velocity (orbital velocity), the second astronau- 
tical velocity (escape velocity from the earth), 
and the third astronautical celocity (escape 
from the solar system). Table 19-4 shows the 
orbital velocities of earth's satellites up to 1000 
km, and Table 19-5 shows the escape velocities 
from the planets and the moon. 



Table 19-4. DrUtal Velocities and Periods of Revolution of 
Satellites at Varyint; Altitudes 



(The values at sea level are theoretical because of the presence of 
an atmosphere.) 



Altitude 


Velocity 




Period of 


Altitude 




Revolution 




km 


km/sec 


hr 


min sec 


miles 


0 


7.90 




24 34 


0 


zoo 


7.78 




28 35 


124 


300 


7.7Z 




30 36 


186 


400 


7.66 




32 39 


249 


500 


7.61 




34 42 


311 


600 


7.56 




36 47 


373 


700 


7.51 




38 52 


435 


800 


7.45 




40 58 


497 


900 


7.39 




43 05 


559 


1000 


7.34 




43 13 


621 


Table 19-5. Escape Velocity From tlie Planets and tlie Moon 








km/sec 


mi/sec 


Mercury 






3.5 


2.2 


Venus 






10.1 


6.3 


Earth 






11.2 


7.0 


Mars 






5.0 


3.1 


Jupiter 






59.2 


37.0 


Saturn 






35.2 


22.0 


Uranus 






20.8 


13.0 


Neptune 






22.4 


14.0 


Pluto 






9.6? 


6.0? 


Moon 






2.2 


1.5 



SUBDIVISION OF SPACE AND TYPES 
OF SPACE OPERATIONS 



Subdivision of Space 

The consideration of the regional ecological 
variations and the gravitational situation in space 
combined offers a tKeftil background for a prac- 
tical subdivision of space as follows: 



Atmospheric space'Cqtiivalence from 20 km 
(12 miles) to 200 km (120 miles). 

True space, beginning at 200 kna (120 miles ), 
can be divided into the following subdivisions; 

Nearby space. The region within which the 
influence of the earth by the shielding function 
of its sohd body, reflecting properties of its sur- 
face and cloud cover, and especially by its mag- 
netic field (trapping of particle rays) upon the 
ecology of the aivironment is distinctly recog- 
nizable. This is the case up to about 80,000 km 
( 50,000 miles ) , ( the outer border of Van Allen's 
Radiation Belt). 

Beyond this distance we enter deep space. 

The earth's gravisphere extending to l.S mil- 
lion km (I million miles) represents the terres- 
trial (geocentric) gravitational space; similarly 
we may speak of the lunar (selenocentric) 
gravitational space. 

From the terrestrial gravitational space or 
other planetary gravitational spaces a vehicle 
enters interplanetary space, or more specifical- 
ly, the solar (heliocentric) gravitational space. 
This huge gravitational domain of the sun 
blends far beyond Pluto with the stellar gravita- 
tional spaces of the neighboring stars {inter- 
steUar space). 

Ecologically, as far as solar radiation intensity 
is concerned, the solar space contains a zone 
which is not unduly hostile to space operations 
and is relatively favorable for life on the planets. 
This zone can be called the ecosphere in the 
solar system. We may assume its extension to be 
some 100 milHon km (60 million miles) in both 
directions from the earth's orbit — that is from 
Venus to the region beyond Mars. This will be 
the operational theater for manned space flight 
in the first decades of the Space Age. 

Types of Space Operation 

Conforming with these subdivisions of space 
we can differentiate the following types of 
space operations: 

Space equivalent flight. 

Nonorbital and orbital space flight. 

Interplanetary flight. 

Lunar and planetary expeditions. 

Interstellar flight (hypothetical). 

THE BASIC RESEARCH PROBLEMS 

The realization of this series of space opera- 
tions requires the solution of a multitude of 
medical problems. Some of them are encoun- 
tered to a certain degree in the prehminary 
short terra phases of space flight. With more ad- 
vanced space operations the spectrum of the 
problems broadens and the emphasis may shift 
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from one problem to another. Finally, the time 
factor, that is, the duration of the flight, will 
move from the background into the focus of our 
medical thinking. 

Most of the medical problems are centered 
around the creation and maintenance of an arti- 
ficial environment in a hermetically sealed 
cabin with the same, or nearly the same life- 
supporting and life-protecting capabilities as the 
earth's atmosphere possesses. Such a cabin will 
be a micro earth moving through an almost zero 
supply environment under the condition of 
zero G, until the astronaut finds a gravitational 
footiiold on one of the neighb<Jring celestial 
bodies with ecological conditions far different 
from terrestrial standards. 

Theoretical and experimental studies in the 
laboratory, in space cabin simulators, on cen- 
trifuges and in human space equivalent flight, 
and space flight on animals and man are in a 
lively flux. While the basic principles are well 
understood, refinement and adjustment of the 



hardware to specific projects is changing the de- 
velopments in methods and devices very fast, 
so that a lengthy discussion of them goes 
beyond the scope and purpose of this manual. 
The physiological metabolic requirements of a 
standard man of 75 Ifg, under normal conditions 
are summarized in Figure 19-1. 

References at the end of this chapter give 
more detailed information about physiological 
studies in space cabin simulators, nutrition in 
space flight, psychophysiological aspects of 
space flight, ophthalmological problems, the G 
spectrum in space flight dynamics and protec- 
tive and facilitating measures, metebritics, radi- 
ation hazards and shielding, conditions on other 
celestial bodies, and prospects and limitations of 
manned space flight. 

The foregoing discussion should be consid- 
ered merely as an introduction to the new "ver- 
tical frontier" of human flight toward which 
only the first, but very promising, steps have 
been taken. 



DAILY METABOLIC TURNOVER 

MAN 70KeRQ=0.82, FOOD: 
PROTEIN 80|, CARBOHrORATE 270g, FAT 150g 



H,0 



0, 
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LI 
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FOOD 
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2200 
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INPUT 
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METABOLIC 
9.54% 



SOLIDS 
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AND 
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982 
27.39 


2542 
70.91 
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1.70= 100 '7o 


OUTPUT 



Figure 19-1. Metabolic data of a Standard Man of 75 l<g under normal 
conditions (after H. G. Clamaitn, USAF School of Aerospace Medicine, 
Brooks AF Base, TvKis). 



AF MANUAL 161-1 



19-7 



Armstrong, H. G.: Origin of Space Medicine. U.S. Armed Forces M. J., 10: 
389-440 (1959). 

Anmtioiig, H. G.: Aerospace Medicine. Chapter 31 Space Medicioe. The Wil- 
liams and Wflldns Co., Baltimore, Md., 1961. 

Energies of Space. Edit, by Caiapbell, Cdnoo^ University Press, New 
York, 1961. 

Haber, H.: Tfe fhysical Environment of ffie Flyer. School of Aviation Medi- 
cine, USAF, Randolph Air Force Base, Texas, 1954. 

Hanralian. J. S., Bushiiell D.: Space Biolo^. Basic Books, New York, 1960. 

Lamb, L. E.: Medical Aspects of Interdyntmdc Man^MMn^ in Space Fijgft*. 
J. Aviation Med. 30:158-161 ( 1959). 

Man in Space. Edit, by Gantz, K. F. Duell, Sloan and Pearce, New York, 1959. 

Physics and Medicine of the Upper Atmosj)here. Edit, by White, C. S,, and 
Benson, O. O. Albuquerque, University of New Mexico Press, 1952. 

Ph^sks and Me^cfne of ^ Atmosphere and Space. Edit, by Benson, O. O., Jr., 
and Strughold, H. New York, John ^Viley & Sons, Inc., 1960. 

Simons, D. G.: The "Manhigh" Sealed Cabin Atmosphere. J, Aviation Med. 30; 
314-325 (1959). 

Strughold, H.: Space Equivalent Conditions Within the Earth's Atmosphere. 

Astrobica Acta, Sprinter Verlag, Vienna, 1955. 
.arughold, H.i The Green and Red Planet. University of New Mexico Prras. 

Albuquerque, N. M., 1953. 
Strughold, H., and Ritter, O. L.: Solar Irradiance from Mercury to Pluto. J. 

Aerospace Med., Vol. 31, Pages 127-130 (1960). 
Watson, F. G.: Between tlie Planets. Cambridge, Harvard University Press, 

1956. 



19-8 



FLIGIfT SURGEON'S MANUAL 



c 

D 

n 

c 

0 
L 
C 
D 
LI 
L 
L 
0 
Li 
L 
L 
L 
U 



n 
n 



n 



CHAPTER 



20 
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Clinical medicine considers individual pa- 
tients, whereas preventive medicine is primarily 
concerned with population groups. The purpose 
of preventive medicine is many fold and, in 
general, it is the application of professional 
knowledge for the promotion, protection and 
improvement of health and the reduction of 
nonefFectiveness due to disease and injury. 

The Air Force Preventive Medicine Program 
includes the planning and supervision by the 
Medical Service of all measures designed for 
the improvement of health and the reduction of 
nonfiffectlveness from all causes. 

Medical responsibilities in the field of preven- 
tive medicine are delegated by the Director of 
Base MedicEd Services to a Medical Corps Offi- 
cer on his staflF. A Flight Surgeon is usually 
the best quaHfied officer for overall supervision 
of the various disciplines involved in a good 
preventive medicine service. The Medical Corps 
Officer desfignated as Preventive Medicine Offi- 
cer will direct all preventive medicine activi- 
ties performed by such assistants as may be 
available from members of the Medical, Dental, 
Veterinary and Medical Service Corps. The as- 
sistants will be delegated only those duties for 
which they are professionally qualified. 

An effective program as outlined in L/SAF 
directives, indudes active participation in fee 
medical aspects of the foUewicg major areas: 

a. Preventive Medicine Administration. 

(1) Formulation and supei^vision of pro- 
grams for the control and elimination of the 
causes of medical noneffectiveness, 

(2) Coordination of all medical and sani- 
tary activities directed towards the preven- 



tion of injury and disease and the reduction 
tfine lost due to medicd causes. 

(3) Evaluation of the health of military 
personnel through the analysis and inter- 
pretation of bio-statistical records and 
reports. 

(4) Coordination of all preventive medi- 
cine activities with other interested and 
responsible official and nonofficial agencies. 
Liaison and cooperation with local civilian 
health agencies, official and voluntary. 

(5) Promulgation of poUcies, preparation 
of regulations, pamphlets and manuals out- 
lining specific medical measures as required, 

b. Communicable and Preventable Disease 
Control. 

(1) Collection and analysis of statistical in- 
formation on the incidence and prevalence 
of disease communicable to man. 

(2) Epidemiological investigation of the 

occurrence and outbreak of diseases and 
initiate appropriate action for thier control 
and prevention. 

(3) Supervision of the immunization pro- 
grams required by regulations and direc- 
tives to assure a satisfactory state of indi- 
vidual protection. 

c. Accident and Injury Prevention. 

(1) Investigations of l3ie cause and results 
of accidents. Aircraft accident investiga- 
tions. Advise FMght Safety officers and 
Ground Safety officers in fee control of ac- 
cidents and injuries, 

(2) Maintain haison wife athletic and 
recreation officers relative to safe practices, 
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equipment, physical condition of partici- 
pants, and safe condition of playing fields. 

d. Industrial Hygiene and Occupational 
Health. 

(1) Application of all medical and engi- 
neering measures for the prevention of oc- 
cupational diseases and injuries. This in- 
cludes military and civilian personnel while 
in the industrial environment or while using 
fabricating equipment and material neces- 
sary to the maintenance, testing and opera- 
tion of Air Force facilities and equipment. 
It includes design of industrial protective 
systems, supervision of their use, analysis 
of wiwldng environments, pre-employment 
examinations of civilian employees, and 
evaluation of those in hazardous occupa- 
tions. 

(2) The control and prevention of occu- 
pational disabilities is a joint function of 
the Preventive Medicine Officer and the 
Sanitary and Industrial Hygiene Engineer. 
The Air Force assumes responsibility un- 
der appropriate Federal Laws to provide 
adequate protection of military and civilian 
personnel against exposure to oceupational 
hazards. Provision of liospitalization and 
outpatient care at Government expense to 
civilian employees injured or becoming ill 
as a direct result of their particular job ac- 
tivity is required in accordance with the 
Federal Employees Compensation Act of 
1916, as amended. Emergency care for non- 
occupational on-the-job medical or dental 
health problems is authorized under Public 
Law 658 of the 79th Congress with the cura- 
tive phase of the latter being furnished by 
private physicians. 

(3) Industrial Medical Sei"vices requires 
the organization of adequate dispensary 
services with qualified physicians and other 
personnel to accomplish the mission of pre- 
employment and periodical physical exam- 
inations, emergency care of occupational 
injuries and diseases, health education and 
counseling supervision and plant inspection, 
and maintaining liaison with the local med- 
ical profession. 

e. Community Environmental Control. Con- 
trol of those environmental factors which 
aifect the health of Air Force personnel 
including such things as the planning and 
supervision of water supply, refuSe and Waste 
disposal, insect and rodent control, food serv- 
ice sanitation, housing and otiier factors as 
contained in AFR 160-89. 

f. Epidemiological Activities. Epidemiological 



fflghts are specialized teams for investigation 
of communicable diseases, environmental or 
other health surveys. AFR 160-62 describes 
the function of Epidemiological Flights. These 
units contain a combination of highly trained 
personnel for specific tasks. 

g. Nuclear, Biological, and Chemical De- 
fense. Formulation of policy and coordination 
of medical measures for mitigation, and treat- 
ment of diseases and injuries resulting from 
atomic, biological, and chemical warfare 
within the Air Force command program. 

h. Health Education. The planning and su- 
pervision of all medical education efforts for 
improving attitudes toward individual and 
community health. The coordination of medi- 
cal programs with interested agencies in the 
USAF such as Groimd Safety, Information and 
Education, and Special Services. Coordination 
and cooperation with civilian agencies on the 
prevention of diseases and injuries resulting 
from o£F-base social and recreational activities, 

i. Nutrition. Medical aspects of nutritional 
requirements of Air Force military and civil- 
ian personnel including hospitalized personnel. 

j. Research. The planning, initiation, super- 
vision and/or aoGompllshtnent of research and 
study into the causes of nonefFectiveness and 
into the control, prevention, and treatment of 
all diseases and injuries. 

Assistance Available 

To help tlie Flight Surgeon meet his respon- 
sibihties in preventive medicine, there are vari- 
ous soiu'ces of assistance available. Some of 
these are the followiiigj 

PBOFESsioNAi LrTEBATUHE. The Armed For-^s 
Medical Library, Washington 25, D. C, gives 
prompt service without charge to officers on 
active duty, and will furnish: 

1. Bibliographies on medical subjects — to avoid 
unnecessary work, requests should be restricted 
as much as possible to the specific subjects re- 
quired and the years in which interested. 

2. Books and periodicals for short-term loan 
within the continental U. S. 

3. Copies of articles in current or past Issues 
of medical periodicals ; Microfilm copies — these 
should be ordered only when facilities for read- 
ing microfilm are available; Photoprint copies — 
these may be read without special facilities. 

Army, Navy, and Air Force hospital libraries 
are available to members of all the services, but 
they will generally not mail pubhcatlons; per- 
sonal visits are necessary. 

Service publications (technical manuals, tech- 
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nical bulletins) may be requested through rou- 
tine supply channels. 

Information and consultations. The Direc- 
tor of Base Medical Services should take ad- 
vantage of any talent available locally. The base 
installations officer is able to give considerable 
assistance on problems related to water, waste 
disposal, and construction of facilities. The food 
service supervisor is of assistance in problems 
related to food service and hygiene. The gi-ound 
safety officer is able to give assistance in accident 
prevention. The Surgeon of each major com- 
mand is often able to give information and as- 
sistance on unusual problems in the field. The 
Command Surgeon also has on his staff certain 
individuals such as the staff preventive medicine 
officer, sanitary engineer, who can render assist- 
ance when requested. Consultant services of 
sanitary engineers are also available from Head- 
quarters, USAF, under the provisions of AFR 
160-20, and 160-17. 

The Command Surgeon may request infor- 
mation or consultation from the Surgeon Gen- 
eral. If indicated, the StiJ?geon General can ar- 
range for prompt assistance from appropriate 
members of the Armed Forces Epidemiological 
Board. 

Headquarters, Air Force Logistics Command 
(AFLC), Wright-Patterson AFB, Dayton, Ohio, 
wiU furnish information on problems related to 
industrial hygiene. Industrial hygiene engineers, 
from AFLC laascs, may be requested under the 
provisions of AFR 160-20 and 160-17. 

Epidemiological Flights are prepared to carry 
out specific tasks, such as epidemiological inves- 
tigation, industrial hygiene surveys, bacteriolog- 
ical investigation, and malaria survey and con- 
trol. 

The Aeromedical Laboratory, Wright -Patter- 
son AFB, Ohio, can farnisb information on 
medical equipment and its use. 

The Arctic-Desert-Tropic Information Center 
Headquarters Aur University, Maxwell AFB, 
Alabama, can give information on environ- 
mental problems in areas suggested by the title, 



The School of Aerospace Medicine, Brooks 

AFB, Texas, can often give information on spe- 
cific problems in the field of preventive medi- 
cine and is prepared to conduct research in 
preventive medicine. Recommendations from 
the field on subjects or areas in which research 
is needed will be welcomed. 

Local city, county, or state health officers are 
often able to give information and assistance on 
problems common to military and civilian popu- 
lations. 

Local and regional representatives of the 
United States Public Health Service may be 
consulted, through Command Surgeons, on prob- 
lems of mutual interest. 

The USAF Epidemiological Laboratory at 
Lackland AF Base, Texas, will provide service 
involving complex or unusual procedures. Army 
laboratories, in general, are prepared to perform 
all types of clinical laboratory procedures and 
food examinations, and are also prepared to 
furnish teams of workers for epidemiological in- 
vestigation when justified by the gravity of a 
disease situation. Epidemic Disease Control 
Units of the U. S. Navy conduct epidemiological 
investigations and supporting laboratory work, 
but do not perform routine clinical laboratory 
tests. 

The principal laboratories of the U. S. Army 

are the following: 

First Army Area Medical Laboratory, 90 Church 
St., New York, N.Y. 

Second Army Area Medical Laboratory, Ft. Geo. 
G. Meade, Md. 

Third Army Area Medical Laboratory, Ft. Mc- 
Pherson, Atlanta, Ga. 

Fourth Army Area Medical Laboratory, Ft. Sam 
Houston, Tex. 

Fifth Army Area Medical Laboratory, Ft. Sheri- 
dan, 111. 

Sixth Army Area Medical Laboratory, Ft. Lew- 
is, Wash. 

Branch, Sixth Army Area Medical Laboratory, 
Presidio of San Francisco, Cahf . 
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Table 20-1. Sources of Preventive Medicine Cansultation in llie USAF 
Services Available Authority 



Communication 



ommands and 
Ifr Forces 




1. Consultation on Preventive Medicine 

Problems 

2. Services of Command or Numbered Air 
Force Sanitary and Industrial Hygiene 
Engineers 



1. Fumlsfi information on medical problems 
involving noise 

2. Diagnostic Hearing Center 

3. Consultation on Preventive Medicine 
Problems 




1. PIVI Reports (ROS: AF-IVI7) 

1. Letter requesting assistance 
thru channels 

3. TWX (if urgent) 

4. Telephone (extreme 
emergency) 



1. letter to Commandant, SAM 

2. SF 513, Consultation 
Request, to SAM 

3. Letter to SAMPRM 



Air Force Logi^cs (kMnmand, 
Wrigbt-Pattefson AFB, Ohio 

a. Regional Eimronmental 
Health laboratories 

1) Kidly AF8. Texas 

2) Medellafi AFB, CaNf. 



b. USAF Radiological Heaith 
Laboratory, Wright- 
Patterson AFB, Ohio 



^K,Was 



1. Consultation of Services of Medical 
Officers, Engineers, and others trained in 
Occupafiona! Health 

2. Determinations of biological fluids 

a. Lead and mercury in urine and blood 

b. Fluorides and Thorium in urine 

c. Cholrnesterase in Senim and Erythrocytes 

d. Blood carboxyhemoglobin 
Determinations of Environmental Samples 

1 Lead 

2 Mercury 

3 Fluorides 

4 Zinc 

5 Cadmium 

6 Beiyllium 

7 Arsenic 

8 Chromic Acid 

9 Trichlorcethylene and other 
halogenated hydrocarbons 

10 Dust counts 

11 Particle size determination 

12 Bromides 

13 Selenium 

14 Silica 

3. Determination of Conlaitiiitants in air- 
craft oxygen systems (Keljy AFB only) 

4. Bioassay evaluation of streams 

5. Other ciiemical analysis upon special 

request 

6. Determinations on biological and/or 
environmental specimens, including soil: 
a. Radium 

t). Plutonium 
C. Tritium 

d. Strontium 

e. Uranium 

f. Radon breath analysis 

g. Gross Alpha Particle Count 

h. Gross Beta Particle Count 

7. Film badge monitoring 




!. Letter thru channels to 
Surgeon, AFLC, Wright- 
Patterson AFB, Ohio 

2. Samples sent to regional 
Environmental Health 
Lat)oratory 



^AFR 160-15 



isonr Center on Toxicol- 
r, Wash DC (To 




Provide advice and information relating 
to the adverse effects of chemical sub- 
stances on man, animals and plant life. 
Examples: Solvents, fuels, insecticides, 
rodenticides, etc. „__ 




Direct communications to 
USAF Radiological Heaith 
Laboratory, Wright-Patter- 
son AFB, Ohio, ATTN: 
EWDR 



4. Exposed film and commu- 
nications direct to USAF 
Radiological Health Lab- 
oratory, Wright-Patterson 
AFB, Ohio, ATTN : EWDR 



1. Letter thru channels to the 
Surgeon General, Hq USAF, 
ATTN : Preventive Medicine 
Division, AFCSG-15, Wash 
25, D.C. 



Hawaiian Medical Laboratory, APO 958, c/o 
Postmaster, San Francisco, Calif, (located at 
Schofleld Barracks, Hawaii). 

4th Medical Laboratory, APO 403, c/o Postmas- 
ter, New York, N. Y. (located in Heidelberg, 

Germany ) . 

406th Medical General Laboratory, APO 500, 
c/o Postmaster, San Francisco, Calif, (located in 
Tokyo, Japan ) . 

The principal laboratories of the U. S. Navy 



are the following: 

USN Epidemic Disease Control Unit No. 2, Re- 
ceiving Station, Norfolk 11, Va. 

USN Epidemic Disease Control Unit No. 3, 
Marine Barradcs^ Camp Lejeune, N. C. 

USN Epldmiie Disease Control Unit No. 4, 
Naval Training Center, Great Lakes, lU. 

USN Epidemic Disease Control Unit No. 5, 
Naval Hospital, San Diego, Calif. 
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Table 2D-1. Sources of PrevetttiyB Mtdicine Consultation In the US AF— Continued 



Sources 

Public HeaiUt Seraos 



Services Availalile 



Authority 



Cemmunlcation 




1. Act as a liaison between Armed Ftirces 
and local Kealth agencies. 

2. Cooperation with Armed Forces in regard 
to health and sanitation in extra-military 
areas. 

3. Consultation on communicable diseases, 
insect and rodent control. 

4. V.D. investigation. 




Letter to Regional Public 
Health Service office 
Letter to U.S. Dept. of 
Health, Education and Wel- 
fare, PHS, Bureau of State 
Services, Communicable 
Disease Center, Atlanta, Ga. 
Submission of PHS Form 
2936 (VD) as prescribed in 
AFR 160-82. 



lint Utilization of certain 
Forces Laboratory 



Army area Medical Laboratories 

a. Perform all t/pes of clinical laboratory 
procedures as well as examination of 
meat, dairy products, and other foods. 

b. Conduct epidemi logical investigations. 

c. Provide limited training for Laboratory 
Officers and Technicians in special 
fields. 

Navy 

a. Conduct epidemiological investiga- 
tions, special sanitary surveys, and 
perform supporting laboratory exam- 
inations (not including routine clinical 
laboratory tests). 

Air Force 

a. Conduct epidemiological investiga- 
tions. 

b. Conduct entomological surveys. 

c. Conduct Occupational Health surveys. 



Tactical Air Command, 
ley AFB, Virginia 



|||^ai^( 



1. Insect control by Aircraft. 




1. Request for laboratory test 
on submitted specimens, 
Senior Medical Officer make 
direct request to Comdg. 
Officer of Laboratdfy* 

2. Requests for services in- 
volving travel of Personnel 
between departments is 
submitted, thru channels, 
to Dept. of AF. Telephone 
or telegraphic requests may 
be made in an emergency, 
with later written confirma- 
tion submitted thru 
channels. 



Initial request be sent thru 
channels to Major Comd. 
for approval. Approved re- 
quest is forwarded to 
Comdr, TAG, Langley AFB, Va. 



Air Force 

Systems Command, 
jfiight-Patterson AFB, 



iForces Epidi 
(AFB) Wash 




1. Furnish information on most recent 
Protective equipment, and on other 
developments that will support the noise 
control program* 

2. Supply necessary toxiGolo|ical information 
on all hazardous or potentially hazardous 
materials. 

Providing of scientific and research assist- 
ance and advice on matters pertaining to 
problems in Preventive Medicine, Epidem- 
iology, Tropical and Internal Medicine, 
Pathology, Immunization, etc. towards the 
control and prevention of disease and Injury. 



FR 160-3A 




1. Letter to WADD(WCL0R-5), 
Wright-Patterson AFB, Ohio 



ept. of Defense 
Directive 5154.8, 
lied Forces Ejpi- 
I Board 



[ Epidemiological Laboratory, 
^Laddand AF8, Texas 



Provide personnel, laboratory services, 
consultation and support services on epi- 
demiological problems. 
Provide consultation and personnel services 
to: 

a. Conduct Entomological surveys 

b. Determine effectiveness of insecticidal 
applications 

c. Perform specialized studies on Epi- 
demiology of Arthropod -borne diseases. 

d. Identify insect specimens 

e. Investigate significant disease outt>real(s 
on request, e.g. hospital staphylococcus 
outbreaks, etc. 




Emergencies: Telegraphic 
(TWX) request from Director 
Base Medical Services to 
Surgeon General, USAF. 
Normal : Thru normal chan- 
nel to Surgeon General, USAF. 
Overseas; Same except 
under approval of Major 
Air Comdr., AFGSG, Wash. 
25, D.C. 



On occurrences or condi^ 
tions requiring reporting 
under Section IX, Chapter 
5, AFM 160-20. 
Telegraphic (TWX) report 
from Director, Base Medical 
Services to Surgeon 
General, USAF with type of 
assistance requested and 
information copies to: ATC 
(Surgeon) Randolph AFB, 
Texas and 3790th Epi- 
demiological Laboratory, 
Lackland AFB, Texas. 

3. Overseas Activities: Same, 
except through Major Air 
Commander. 

4. Insect specimens for iden- 
tification may be sent direct 
to Laboratory. 



USN Epidemic Disease Control Unit No. 6, 
Pearl Harbor Naval Shipyard, Pearl Harbor, 
Hawaii. 

In overseas areas, laboratories may be estab- 
lished or moved as needed. Inquiries as to ad- 



dresses should be made through Army or Navy 
channels. 

Table 20-1 summarizes information on sources 
of preventive medicine consultation available in 
the Air Force. 
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V 



TInMriif SwIMfciMrcaiBunTtopncaMlfrMtttMVKtiUrFsm Ln^iSai 
4(pil alte Uw reviM (Mwi^ TniMiV fl« irt ItM ii «■ AF illn Ur^^ 



rm 



I are to be returned to ttit 
I frem Arn; ilo fibrartes. 



RwHtafTtm 



Typhus in Naples* 
Plague Control* 
Isxatioii Technique 
Personal Hygiene 
Control of Louse-Borne I 
Sandfly Control* 
Malaria, Pacific Enemy 
Silent Battle* (Au$traiian)Ollatoja) 
Malaria Discipline* 
Sctiistosomiasis' 

Arthropod Borne Virus EncephalitidK* 
Dengue Fever* 

Cfintcaf Malaria* 

Water Purification 
The Rat Problem* 
Rat Ectoparasite Control* 
"Stowaway Series:" 

Disease & Personal Hygiene^ 

Galley Sanitation* 

Food Storage* 

Hospital food Senies Persoffl^ 
Training Series 

I Introduction 

II Ttie individual 

III Equipment 

IV Food Serving 
Don't Be a Winter Casualty* 
Effects of Cold 

Fight Against Commumcable Disease 

Outbreak Satmonetta )n(ec&m* 

Aircraft (^arantine* 

Immunizations 

Viral Hepatitis* 

Malaria Cause and Control* 

Dengue Fever 

Moral and Medical Aspects of Venereal Disease Control 

Foods and Nutrition 

Hemolytic Streptococas Control 

Heat Disorders 

Driving Safety* 

Sclustosoniiasis 

Preventive Medicine in the USAF 



TF 37Z6-B 
MM 4049 
TF 8-1520 
TF 8-1665 
Tf 1-4QZ8 
TF 1-8011 
TF 1-4556 
MF 8-1046 
TF 1-3343 
PMF 5027 
PMf 5048 
TF 1-4557 
TF 1-4531 
TF 5-2276 
TF 1-8104 
TF 8-1675 



12 minutes 
20 minutes 
10 minutes 
30 minutes 
16 minutes 
30 minutes 
10 minutes 
45 minutes 
35 minutes 
27 minutes 
30 minutes 

8 minutes 
20 minutes 

7 minutes 
25ininites 



TF 1-4648 


17 minutes 


TF 1-4649 


24 minutes 


TF 1-4650 


12 minutes 


TF 1-4701 


amm 


TF 1-4705 


13 ntfMitel 


TF 1-4706 


12 minutes 


TF 1-4707 


15 minutes 


TF 1-4651 


60 minutes 


TF 8-1690 


15 minutes 


CF9 


20 minutes 


TF 1-8143 


14 minutes 


CDC4-«M5 


25 minutes 


CF 19 


12-14 minutes 


FG8-6 


20 minutes 


TF 8-953 


25 minutes 


m 3726-C 


8 minutes 




27 minuts 


CF 17 


14 minutes 


MN4393 


12 minutes 


PMF 5167 




MN 74988 






25 minutes 


TF 1-4)163 


17 minutes 



Although these films were prepared for Hie tee «f fowi service personnel in iiospitels, tliey are reccmmended for Wwih of food service 

personnel. 



*Gqiedally lecommemied. 



tndw AttU iiMn cwnwcy rf MtHi wBiwm j. 



AFR 160-17 Sanitary and Industrial Hygiene Engineers. 
AFR 160-20 Occupational Healdi Propam 

AFR 160-61 Liaison with Public Health Service. 

AFR 160-62 Joint Utilization of Certain Aimed Forces Medical Laboratory 
Facilities. 

AFR 160-89 Preventive Medicine Program. 

AFM 160-11 Handbook of Atrnnic Weapons fiHr Medical Officers. 

AFM 160-12 Treatm^t of Chemical Wadaie Casualties. 
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Epidemiology, as we think of it today, is that 
field of medicine which concerns itself with the 
relationships of the various factors and condi- 
tions which determine the frequencies and dis- 
tributions of all illnesses. Of prime interest to 
military organizations are those illnesses desig- 
nated as communicable. 

A communicable disease is one which can be 
imparted from one person to another. If a com- 
municable disease is infectious, it means simply 
that it is caused by a living, transmittable or- 
ganism. A contagious disease is one which is 
spread only by direct contact with an infected 
person. Thus, all infectious diseases are com- 
municable, but not all infectious diseases are 
contagious. For example, malaria is commuiiica- 
ble but not contagious; smallpox is both eom- 
municable and contagious. 

Factors in the Transmission of 
Communicable Diseases 

There are three links in the chain of spread 
of communicable diseases: the source, the 
means of spread, and the susceptible host. 

Source Meam of Spread Host 

Cases Contact Susceptible 

Carriers Airborne drop- individuals 

Animal lets or groups 

reservoirs Food and water 
Insect vectors 
Syringes and 
needles 

In epidemiology, tlie use of a uniform termi- 
nology is absolutely necessary. This is particu- 
larly true in the handling of statistics and re- 
ports because common terminology promotes 
ready understanding and avoids confusion or 
possible error. The following is a check list of 



the terms most commonly used in reporting find- 
ings of an epidemiological nature. 

1. Sources. A person who is actually ill with a 
disease is a case; ttntil a positive diagnosis is 
established, he may be called a suspect. Car- 
riers are those who give off agents of communi- 
cable disease without showing evidence of the 
disease at the time. Certain diseases are har- 
bored in animal reservoirs from whence they 
may spread to man by various means. 

2. Means of Spread. A contact is an individual 
who has had recent and close association with 
a source of conununieable disease, but as yet 
presents none of the symptoms. Contact is im- 
portant in venereal and certain other diseases; 
airborne droplets are important in diseases of 
the respiratory tract; food and water are impor- 
tant in the enteric diseases, in general; and in- 
sect vectors are important in a variety of dis- 
eases. Arthropods may carry disease agents 
mechanically, on flieir feet, mouth parts, or 
bodies, or biologically, in which case the disease 
agents undergo development and/or multiplica- 
tion in the insect body. 

3. Susceptibles. A susceptible is an individual 
who will develop a disease if infected with an 
ordinary dose of an infectious agent, through the 
usual channel of infection. Immunity or insus- 
ceptibility may be induced through an attack of 
the disease, or through immunization, and en- 
dures for varying periods depending on the dis- 
ease. Immunity is rarely absolute, and may be 
overcome by unusually large doses of infectious 
agents or by introduction through abnormal 
routes of entry. 
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Control of the Transmission of 
Communicable Diseases 

Control measures may be directed at any or 
all of the links in the chain of transmission of 
diseases. Measures for control of specific dis- 
eases are discussed in later chapters. 

Statistical Terms In Common Use 
in the USAF 

Terms commonly used in the USAF for sta- 
tistical purposes are incidence, noneffective rate, 
prevalence, and case-fatality rate. 

Incidence. Incidence is a term which wiE be 
heard quite frequently by the Flight Surg«)E 
and he will undoubtedly use it extensively in 
records. Incidence is a measure of the rate of 
occurrence of new cases of disease. In the mili- 
tary services, incidence rates are usually calcu- 
lated on the basis of a population or strength 
of 1,000 and for a period of one year. This rela- 
tionship may be expressed by the formula: 

Incidence per 1,000 per year = New cases in 
period 

1,000 



X 



Average Strength During Period 
52 



Weeks in Period 

For example, in an organization having an 
average strength of 1,450 men, 30 cases of strep- 
tococcal disease occurred in a 4-week period. 
Then the incidence per 1,000 per 

y^^=^°^TiJ§><T =268.9. 

Noneffective hate. This is a measure of the 
average "man-days" lost each day for medical 
reasons (men sick in quarters and hospitals), 
usually based on a standard population or 
strength of 1,000. 

g _ Man-days lost in period ^ 
Days in period 

1,000 

Average strength during period 
For example, in an organization with an aver- 
age strength of 2,600 men, 1,456 man-days were 
lost by individuals sick in hospital or quarters 
during a 28-day period. Then the 



N. E. R. 



1456^1,000 



=20. 



28 '"2,600 

Prevalence. Prevalence is a measure of the 
number of cases of a given disease existing at 
a given time, usually based on a strength of 
1,000. It is not a widelv used temi and .should 
be reserved for descriptions of chronic diseases, 
as it depends not only on incidence but also 
on duration of the disease in question. 



Case-fatality rate. This is the number of 
deaths ascribed to a specific disease per 100 
known cases of the same disease. 

Flight Surgeons will find it useful to main- 
tain charts showing the noneffective rates of 
their organizations, and other charts showing 
the incidence per 1,000 per year of the most 
important diseases in their units. These charts 
not only aid in the early detection of trends, 
and recognition and control of outbreaks, but 
are of assistatice in discussing health problems 
with unit commanders and other staff officers. 

Investigation of Outbreaks of Disease 

When an outbreak of disease is suspected, the 
Flight Surgeon should conduct an investigation 
as promptly as possible, using facilities and per- 
sonnel available in the area. The following 
steps are a guide in the investigation of an out- 
break of disease; details may be varied depend- 
ing on the nature of the disease and on local 
circumstances. 

1- Make certain that an outbreak exists — com- 
pare incidence rates with those of the same 
organization in past seasons or with those of 
similar organizations in similar oircumstaBoes. 

2. Orient the outbreak as to time — prepare a 
chart showing occurrence of new cases by days, 
weeks, or months. Determine the character of 
the epidemic curve. On the basis of the normal 
range of incubation periods of the disease in 
question, estimate whether there was a single 
exposure or whether there was continued prop- 
agation, as from person to person. 

3. Orient the outbreak as to place — prepare 
spot maps, if appropriate, to determine areas of 
highest incidence. 

4. Orient the outbreak as to personnel selected 
in attack — divide affected populations into all 
logical groups, on the basis of organization, 
food service facilities, quarters, age, length of 
time in area, length of iriihtary service or train- 
ing, and tactical or recreational activity. Com- 
pare incidence rates among the various groups. 
Interview members of affected groups regarding 
possible exposure or errors in sanitary discipline. 

5. Formulate a hypothesis on mode of spread; 
plan a tentative control program. Plan addi- 
tional studies as needed to fill in details. Plan 
continuing studies of representative groups. 

6. Analyze detailed data from continuing 
studies, testing hypothesis for compatibility with 
collected data. Seek further facts until an array 
is found which matches all deductions from one 
hypothesis and is incompatible with others. 

7. Prepare final report and final program for 
control and prevention of recmrence. 
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Utilization of Consultants 

The services of consultants or teams of investi- 
gators may be required in some situations. The 
consultants may come from USAF Epidemio- 
logical Flights, from the Command Surgeon's 
staff, or from the Surgeon General's staff. Their 
assistance may be requested (usually through 
the Command Surgeon) in such circumstances 
as the following: 

1. In case of a major outbreak of a known dis- 
ease, when the manner of spread and/or control 

are not clear. 

2. The appearance of signifleant numbers of 
an unusual, unexpected, or unidentified disease 



which, if unchecked, might endanger the mili- 
tary mission, 

3. In case preliminary investigation gives valid 
grounds for suspicion of biological attack by an 
enemy. 

When such consultants or teams of epidem- 
iologic investigators arrive, they will expect cer- 
tain help from the Flight Surgeon and other 
personnel on the spot. Be ready with: 

1. Complete clinical records of cases. Cases 
should be oriented for time, place, and per- 
sonnel selected by attack. 

2, Strength records and recent history of or- 
ganizations involved. Key personnel from organ- 
izations should be available for interview. 



Table 21-1. Speeimens to Be Submitted to Laboratories 



1 r 

Disease 


Speelniens Required 


Tests Performed 


Actinomycosis 


Sputum 

Pus from lesion 


Cult. & biol, ident. of fungus 


Amebiasis 


Stool 
Serum 


IVIicro. ident. of agent 
Complement-fixation test 


Ancylostomiasis 


Stool 


Micro, ident. of ova 


Anthrax 


Culture on agar or blood agar from lesion 


Cult. & biol. ident. of bacillus 


Ascarlasis 


Stool 


Micro, ident. of ova 


BartoneilDsis 


eiood films 

Blood (heparinized) 


IVIicro. ident. of agent 
Gult. & biol. ident of agent 


Boutonneuse fever 


Blood (heparinized) 


Infection of guinea pigs 


Serum (paired spec.) 


Weil-Felix aggWnation 
Complemertl-flKalion test 


Brucellosis 


Seruir 
Whole blood 


Cult. & biol. ident. of bacteria 


Chancroid 


Discharge from lesion 


Cult. & biol. Ident. of bacteria 


Clioiera 


Stool 

Serum (paired spec.) 


Cult. 8 biol. ident. of Vibrio 
Agglutination of Vlhrto 


CoccidioldomycDsIs 


Sputum 

Discharge from lesion 


IVIicro. ident. & cult of fungus 


Seruiti (paired spec.) 


Complement-fixation test 


Common cold 


No laboratory diagnosis is practicable 
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Table 21-1. Specimens to Be Submitted to Laboratories— Continued 





diapimanp Dnniili'iiil 
d|J6tllllClla nclJlllfBU 


1 esis reriormea 


Dengue 


Blood (heparinized) 
Serum 


Infection of animals or human volunteers 


Serum (paired spec.) 


Virus neutralization 


Diphtheria 


Throat culture (Loeiiler's medium} 


Biol, ident. & determination of virulence 


Dysentery, bacillary 


Stool culture 
Stool 


Biol, ident. of Shigella 


Echinococcosis 


Serum 


Predpitalion & compleraen^fixation te^ 


Encephalitis, viral (arthropod- 
borne) 


Serum (paired spec.) 
CNS tissue (autopsy) 


Complement-fixation & virus-neutralization tests 
Virus recovery in animals 


Enterobiasis 


Stool 

Anal impression on Scotch tape 


Micro, ident. of ova 


Filariasls 


Blood films 


Micro, ident of microfilarias 


Food poisoning 


Suspected footfs 


Culture or animal tests 


Glanders 


Culture from lesion if exposed 
Serum 


Biol, ident. of organism 

Agglutination or complement-fixation tests 


Gonorrhea 
Granuloma Inguinale 


Smear of discharge 
Urethral discharge 
Smears 


Micro, ident. of gonococcus 
Cult. & blol. ident of gonococcus 
Micro, ident of donovan bodies 


Hepatitis, Inlectious 
Hepatitis, serum 


Ident. of agent or immunological studies not available. 


Histoplasmosis 


Discharge from lesion 
Sputum 


Cult. & bioi. ident of agent 
infection of experimental animals 


Influenza 


Serum (paired spec.) 
Throat virashings 


Virus cult, in chick embryo 


Leishmaniasis, visceral 


Smear of blood, spleen, sternal marrow 
Blood or spleen pulp 


Micro, ident. of protozoa 
Cult. & Ident of protozoa 


Leishmaniasis, cutaneous or 

mucocutaneous 


Smears of lesion 
Discharge from 


Micro, ident. of protozoa 
Cult & ident. of protozoa 


Leptospirosis 


Blood films 
Blood (fluid) 

Serum 

Urine (centrifuged) 


Micro, ident of spirochete 
Dark-field Ident of spirochete; guinea pig inocula- 
tion 

Micro, ident. of spirochete 


Lymphocytic chorio-raeningitls 


Blood or cerebrospinal fluid 
Serum (paired spec.) 


Animal inoculation; virus culture in chick embryo 

— 
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Tabis 21-1. Specimens to Be Submitted to Laboratories— Continued 



Disease 


Specimens Required 


Tests Performed 


Lymphogranuloflia venefeum 


Smear of pus or biopsy material 
Pus or biopsy material 
Serum (Paired spec.) 


Micro, ident. of elementary bodies 
Mouse Tnoculaitian 


Meningococcic meningitis 


Smears of spinal fluid 
Spinal fluid 


Micro, ident. of meningococcus 
Cult, & ident, of meningococcus 


Mononucleosis, Infectious 


Blood nims 
Serum 


Differentiai count; identification of cells 


Onchocerciasis 


Fluid from nodule 
Tbin section of skin 


Micro, ident, of agent 


Paratyptioid fevers & other 
salmonelloses 


Stool 
Serum 


Cult. & biol. ident. of Salmoneiias 
Agglutination of Salmonella 


Phlebotomus lever 


Recovery of agent or serological studies not practicable. 


Plague 


Smear from bubo 


Micro, ident. of agent 


Pus from bubo 
Blood 

Sputum (if pneumonic) 


Cult. & Biol, ident. of agent or animal inoculation 


Pneumonia: 
Bacterial 

(peumococcal and other) 
Primary atypical 


Sputum, smear 

Sputum, fresh 
Serum (paired spec.} 


Tentative ident. of organism from micro. 

appearance 
Typing or cult. & ident. of organism 


Poliomyelitis 


Recovery of agent or serolegical studies not practicable. 


Psittacosis 


Blood 

Throat wasliings 
Sputum 


Intranasal Insufflation in mice 


Serum (paired spec.) 




U-rBVOI 


Blood) sputum, or urine 
Serum (paired spec.) 


Infection of guinea pigs and Ident. of coxiella 


Rabies 


Impression smears of Ammon's horn 

(after death) 
CNS tissue (after death) 


Examination for Negri bodies 
Virus ident. by mouse Inoculation 


Rat- bite lever 


Material from bite or lymph node 


Direct micro, ident. of Spirillum 

Infection of guinea pig 


Relapsing fever 


Blood, fresh 


Infection of guinea pig 


Blood films 


Dark-field ident. of Borrella 
Micro. Ident. of Borrella 
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Table 21 -1 . Specimens to Be Submitted to LabDratories— Continued 



Disease 


Specimens Required 


Tests Performed 


Riclcettslal pox 


Serum (paired spec.) 




Rift Vailey fever 


Blood 

Serum (paired spec.) 


Infection of mice 
Virus-neutralization tests 


Rocky Mountain spotted fever 


Blood 

Serum (paired spec.) 


Infection of guinea pigs 


Sctiistosomiasis 


Stooi or urine 


iVIicro. ident. of ova 


Smallpox 


Swabs from lesions 


Recovery of virus by animal inoculation 


Streptococcal (hemolytic) 
Infections 


Cultures from throat and nose 


Cultivation & grwipirjg & typing 
Determination of sulfa-resistance 




Serum (paired spec.) 


Antistreptolysin titration 


Syphilis 


Chancre juice 
Serum 


Hnrtf.fiptrf iriant Af cnirnAhfitA 
L'alA'IIUlU IU6II.I. vl 3}J|tU(fllClC 


Trypanosomiasis 


Blood films 

Fluid from lymph node 


Staininp A mirrn iripnt nf Trvn:inncnmp 

-^luiMiiig m iJiiuiUi lUCIIli Ul 1 1 J pall UoUIIIC 

Staining & micro. Ident, of Trypanosome 


Tutierculosls 


Sputum, fresh 
Other body fluids 


Staining & micro, ident of acid-fast bacilli 
Guinea pig inoculation 
Cult, ident. of organisms 


Tularemia 


Sputum (if pulmonary) 
Discharge (if local lesion) 


Cult. S biol. ident. or animal inoculation 




Serum 




Typhoid fever 


Blood 
Stools 


Cult. & Biol, ident. of organism 




Serum 




Typhus fevers (louse borne, 
flea -borne, mite -borne) 


Serum (paired spec.) 
Blood (fluid) 


Infection of guinea pigs 


Well's Disease 


Biood, fresh 
Urine 

Serum (paired spec.) 


Dark -field ident. of Leptospira 

Infection of guinea pigs 
Agglutination of Leplosplra 
Complement-fixation test 


Yaws 


Exudate from lesion 
Serum 


Dark-field ident. of spirochetes 
Flocculation or complement-flxation (same anti- 
gens as for syphilisl 


Yellow fever 


Serum 

Serum (paired spec.) 
Liver (in case of autopsy) 


Mouse Inoculation 
Mouse-protection test 
Histological ident. of lesions. 
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Sealed tube 

tied in condom 

(for use witli ice only) 



Adhesive tape label 

Stopper or cap sealed 
witli adhesive tape 



Bottle, vacuum, 1 qt. 
(use with ice or dry ice) 




Jug, hqoid, 1 gal. 
(use Willi ice or dry tee) 




Picnic type portable ice chest 
(use witli ice or dry ice) 



Imprfflfisetf siiipping conlainer 
(use witti ice ur diy to) 
SHiTOUnd can on all sides wrtti 
insulatiiie rraterlal 

Cardboard or wooden box 
Can from X ray developer 
Excelsior, sawdust, 
or paper insulation 





Improvised shipping 
container 

(use with dry ice only) 
Line anr! cover witti 
multiple layers of 
corrugated cardboard 



Figure 21-1. Shipment of Laboratory Specimens. 



3, Laboratory investigation of cases and sus- 
pects which should have been carried as far as 
po.ssil)le. If tlie di.sfase i.s sl:il] undiagnosed, 
paired serum specimens (taken at onset and 
10-14 days later, and stored frozen) should be 
available for additional study. Laboratory equip- 
ment and materials should be available for fur- 
ther study. 

4. Transportation and technical assistance for 
the consultants. 

Utilization of Medical Laboratories 

Hospital laboratories of the USAF are usually 
able to perform the routine studies required in 
the care of most patients. Much laboratory 
work of an investigative nature, and that re- 
quired for diagnosis of a number of commimica- 
ble diseases, however, must be sent to the 
laboratories listed previously. In order that 
greatest usefulness may be derived from service 
laboratories, familiarity with certain procedures 
and principles is desirable. 

Selection and Marking of Containers 

Tubes or vials for laboratory specimens should 
be as sturdy as practicable. FOr blood, serum, 
and similar specimens, tubes with screw caps 
are most satisfactory but other tubes may be 
used with paraffined cork stoppers. In either 
ease, the cap or stopper should be firmly held 
to the tube with adhesive tape, to prevent loos- 
ening with motion or on ascent to altitude. Con- 



tainers should be sterile, even though bacterio- 
logical procedures are not required on the 
specimens contained. Labels should be typed or 
printed with soft-lead pencil on adhesive tape 
( nonwaterproof type), and placed firmly on 
each tube. In geueraL the label should include 
the name, rank, and serial number of the pa- 
tient, the name of the submitting imit (hospital 
or dispensary),, and the date when the specimen 
was taken. If the specimen is to be shipped 
with ice, ihv tube should be tied in an ordinary 
rubber condom. Note the procedure as shown 
in the related illustration. 

InformotioiT to Accompany Specimens 

When common procedures are requested, ap- 
propriately filled out laboratory report forms 
will suffice. The submitting officer shovdd make 
certain that all necessary information, including 
the date, is entered on these forms. When the 
diagnosis of the patient's disease is not clear, 
it is desii-able to send a brief abstract of the 
patient's clinical record together with the speci- 
men. This gives the laboratorx- officer addition- 
al information, on the basis of which he is fre- 
(inently able to perform other useful tests 
besides those requested. 

Packing of Specimens 

Microscope slides may be shipped in mailing 
cases or in iolders improvised of heavy card- 
board. Sjjecimens containing preservatives, cul- 
tures of the more resistaiit bacteria, and semm 
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specimens for many procedures, when the time 
in shipment will be 24 hours or less, may be 
shipped in cardboard mailing tubes. Most bio- 
logical specimens, however, should i^e sliipp(xl 
under refrigeration, either with ice or "dry ice" 
{solid carbon dioxide). Iteter to ftie illustration, 
Shipmcnf of Laboratory Specimens. 

1. Shipment with ice refrigeration — Contain- 
ers listed below will provide satisfactory refrig- 
eration for 24-]iour periods or longer after filling 
with chipped ice: 

a. Botde, vacuum, 1 quart. 

b. Jug, liquid, 1 gallon. 

c. Ice chest, portable, "picnic" type (this 
item must be purchased locally). 

d. Improvised insulated containers — Pro- 
cure a large tin can with a lid from the hos- 
pital pharmacy or X-ray laboratory. Place 
specimens inside and fill with chipped ice. 
Seal lid with adhesive tape, and place can in 
a large cardboard or wooden box, with at 
least 6 inches of excelsior or other insulating 
material on all sides of the can, 

2. Shipment witli dry-ice refrigeration — This 
type of shipment is satisfactory for nearly all 
types of biological specimens, with the excep- 
tion of blood, and is essential for certain types 
(those for recovery of viruses and rickettsiae). 
Any of the containers satisfactory for ice refrig- 
eration may be used with dry ice, but a can 
is not necessary in the improvised container 
when dry ice is used; a well-insulated cardboard 



box is sufEcient. When tightly closed containers 
are used with dry ice, provision must be made 
for the escape of gas — namely, either a small 
hole drilled in the top or a heavy cord inserted 
at the side of the cork or across the closure. 

Dry ice can usually be obtained from com- 
mercial dairies or from large medical labora- 
tories. An emergency source of refrigerant can 
be found in any carbon dioxide-type fire extin- 
guisher, The specimens are placed in the con- 
tainer and anchored against movement with a 
cloth, and the horn of the extinguisher directed 
into the container during discharge. 

Transportation of Specimens 

The fastest available means should be used 
for transportation of biological specimens. Mail 
or express, within the United States, when 
known to be prompt, may be satisfactory for 
short distances. Coxiriers should be used for 
longer distances. Pilots or other crew members, 
when the urgency of the situation is explained, 
are frequently most cooperative in serving as 
couriers. Laboratories should be given notice of 
the ETA, so that arrangements can be made 
for the receipt and transportation of the speci- 
mens to the laboratory. 

The greatest difficulty in interpretation of re- 
ports is encountered in the case of serologic 
reactions. A compilation of standards for inter- 
pretation of these tests is presented in (his 
chapter. 



Table 21 -2. SerolDgic Tests for I nfectious Diseasesf 



Infection 


Seroloeic 
Procedures 


Blood Serum Anfibodles 
After Onset 


Lower Limits 

of Srenificant 
Rises in Titer* 


Appearance 


Mailtnum 


Bacteria: 
Typiioid and para-typiioid 
fever 


Agglutmation test for "0" antigen 
Aggiutination test for "H" antigen 
Agglutination test fof "Vi" antigen 


3rd-7tli day 


16tti-22nd day 


1:80 



Remarlts. "0" and "H" titer of 1:80 oi above signifies infection unless patient vaccinated recently. 
"0" titer of 1 :80 or above with liitle to no "H" observed in 14 per cent of patients but most commonly 
in infections with organisms antigenically reiated to E. typhosa. "H" titer of 1:80 or above with little 
to no "0" signifies carrier (70-80 per cent ) or recently vaccinated person and is occasionally indicative 
of past infection with no carrier state. "Vi" agglutinations present in 80-90 per cent of carrier and 
occasionally after vaccination — not necessary for diagnosis of acute cases. 



No significant diagnostic titer limits can be set for ser'ologlc tests. Definite diagnosis can Be made only wlieit rise in antibody titer can be 

demonstrated between acute and convalescent stages of disease, clinical signs and symptoms are suggestive and there is no laboratory 
or clinical evidence of other disease. In viral infections fourfold rise in antibody titer during course of il ness has been generally accepted 
as signfficant. 



tAyers, J. C.and Feemster, R. F.: Serological Tests in tlie Diagnosis of Infectious Diseases New England J. Med. 243:1034 (Dec. 28) 
1950. Used by permission of authors and publistier. 
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Table 21 -2. Serologic Tests for Infectious Disease!— Continued 



Infection 


Serologic 
Procedures 


Blood Serum Antibodies 
After Onset 


Lower Limits 
of Significant 
Rises In Titer* 


Appearance 


Maximum 


Tularemia 


Agglutination test 


1st or 2nd wk. 


4th or 5th wk. 


1:80 


Remarks. Vaccination yields titers of 1:10-1:60 for 9 to 11 mo. Cross-agglutination between P. 
tularensis and brucella ; antibody titer higlier with homologous organism. 


Brucellosis 

or undulant fever 


Agglutination test 


1st or 2nd wk. 


Variable 


1:80-1:30 


Remarks. Cross-agglutination with P. tularensis and V. cholerae. Previous Infection or vaccination 
with latter may result in agglutinins against brucella in low titer. Previous vaccine therapy or skin 
testing may yield positive teM since nratertals useri are antigenic Tests unreliable in ehmnie infeettons. 
Test may be negative in active infection because of the prozone phenomenon or "blocking" antibodies. 


The fungus 
CQCcidioidomyces 


Precipitin 

Complement fixation 


85% of pts. at 
ertd of 1st mo. 
30-50% of pts.. 
at end of 1st mo. 


At end of 1st 
month 

3rd-4th month 


1:16 


Remarks. Don't perform until skin tests are positive (not antigenic) unless disseminated form is 
suspected, All prima^lnfections are positive to ane or both at some time and 99.5% of disseminated 
are positive to one or both at some time. Precipitins decrase after first month. 
If C-F titer continues to rise after several months, prognosis is poor. Some cross reaction with histo- 
plasmosis. 


The Rickettsiae: 
Typhus (epidemic and 
murine) 


Weil-Felix agglutination test with 
Proteus OX-19 
Agglutination test 
Complement fixation 


5th-8th day 

5th-8th day 
Sth-Sth day 


3rd wk. 

2nd-3rd wk. 
2nd--3rd wk. 


1:160 

1:25-1:40 
1:111 


Remarks. Cross reactions exist between murine and epidemic typhus, but titer is higher with antigen 
of infecting organism. Complement-fixation titers of 1:4-1:32 result frequently from vaccination with 
epidemic typhus. Titers not increased by febrile illnesses of nontyphus etiology. 


Q -fever 


Agglutination test 
Complement fixation 


9th-14th day 
7th -13th day 


3fd-4th wk. 
3rd wk. 


1:8 
1:20 


Remarks. No Weil^Felix agglutination reaction. Tests highly specific. Serums with cold agglutinins 
do not react with Q-fever antigens. 


Rocky Meuntain 
spotted fever 


Weil-Felix agglutination test and 
Proteus OX-19 and 
Agglutination test 
Complement fixation 


2nd Wk. 

2nd wk. 
2nd wk. 


3rd-4th wk. 

3rd-4th wk. 
3rd-4th wk. 


1:320 

1:25-1:40 
1:10 


Remarks. In Weil-Felix reaction, positive serums may agglutinate QX-19 in higher or tower dilutions 
than OX-2 or equally as high, 


Rickettsial pox 


Complement fixation 


2n0 wk. 


3rd-4th wk. 


1:10 


Remarks, No Weil-Felix reaction. Related to Rocky Mountain spotted fever, giving cross-complement 
fixation. 
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Table 21-2. SeroloElc Teste for Infectious Diseases— Continued 



Infection 


Serologic 
Procedures 


Blood Serum Antibodies 
After Onset 


Lower Limits 
of Significant 
Rises In Titer* 


Appearance 


Maximum 


Scrub typhus 


Weil- Felix agglutination test with 
Proteus OX-K 
Complement fixation 


2nd wk. 

2nd wk. 


3rd-4th wk. 
3rd -4th wk. 


i:ieo 

1:10 


Remarlss. Borrelia inf. may give rise to OX-K agglutinins similar to scrub typhus. 


Viruses: 

MoflingHencephalitls: 

Eastern equine 


Neutralizab'on 


1st wk. 


2nd-3rd wk. 


Neutralizatron 
index, 50 


Western equine 


Complement hxation 


2nd-3rd wk. 


7th-8th wk. 


1:8-1:64 


Remarlts. Time of appearance and wane of neutralizing antibodies and complement-fixing antibodies 
differ; fience, both tests should be performed. 


St. Louis 


Neutralization 
Complement fixation 


2nd-3rd wk. 
lst-2nd wk. 


4 mo. 

3rd-4th wk. 


Neutralization 
index 50 
1:8-1:64 


Remarlss. Serologic crossing with Japanese B and West Nile may occur, but homologous reaction 
stronger than heterologous. 


Japanese B 


Neutralization 
Complement fixation 


3rd-4th wk. 
lst-2nd wk. 


4 mo. 

3rd-4th wk. 


Neutralization 
index 50 
1:8-1:64 


Lymphocytic 
Chariomeningitis 


Neutralization 
Complement fixation 


6th- 10th wk. 
lst.2nd wk. 


4 mo. or more 
2nd-3rd vittt 


Neutralization 
index, 50 
1:8-1:64 


InfecHaus nuinoniiclecsis 


Keterophil-antibody agglutination 


1st wk. 


2nd-3rd wk. 


1:32 


Remarlis. Agglutinins may be in norma) serum to titer of 1 :160 and in serum of person with serum sick- 
ness to titer of 1 ;20, 480. Both types of agglutinins removed by adsorption vi/ith guinea-pig kidney. After 
horse serum injection heterophil antibodies may persist 1 yr. or more. Test positive in 50 to 80 percent 
of cases. 


Influenza 


Hemagglutination inhibition 
Complement fixation 


1st wk. 
1st wk. 


2nd-3rd wk. 
2nd-3rd wk. 


Fourfold rise 
Fourfold rise 


Remarks. Vaccination gives rise in titer similar to natural infection. To be suspected when antibodies 
to both types A and B show significant rise in complement-fixation test. Titers of normal serums cover 
wide range including very high levels. Failure to demonstrate rise in titer may be due to late collection 
of convalescent specimen, high initial antibody level or variations in specificity of response. By 8 to 
12 mo. after onset titer is at or almost at preinfection level. 


iUumps 


Complement fixation 
Hemagglutination inhibition 


6 days 
6 days 


21 days 
21 days 


1:64 

Fourfold increase 




Remarks. Complement-fixation test is preferred since normal serums 'requently exhibit considerable 
nonspecific hemagglutination inhibition. Complement-fixation titers up »o 1;6 in final dilution usually 
denote previous infection. Titer of 1:64 rarely exceeded in serum of nurmal persons unless infected 
within preceding year. Skin-testing antigen stimulates production or increase of antibody and hence 
should be deferred. 
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Table 21-2. Serologic Tests for IntacUDus Diseases— Continued 



Infection 


Serologic 
Procedures 


Blood Serum Antibodies 
After Onset 


Lower Limits 
of Significant 
Rises in Titer* 




Appearance 


Mail Bi am 


Primary atypical 
pneumonia 


Cold hemagglutinin test 


lst-2nd wk. 


3rd-4th wk.- 


1:28-1:1024 




Remarl^s, Cold hemagglutinins found in mumps orchitis, hemolytic anemias, certain liver diseases 
and, certain peripheral vascular diseases, and in low titers in various common respiratory diseases. 


Streptococcus MG 


Agglutination test 


2nd-3rd wk. 


4lh-5th wk. 


1:20 




Remarks. Str. MG. agglutination demonstrated only in this disease. No correlation between 2 tests; 
fair correlation between severity and development of positive titers in both tests. 


Psittacosis 


Complement fixation 


4th-8th day 


4th-5th wk. 


1;16 




Remarks. Cross-complement fi)(ation with lymphogranuloma venereum. No cojd aggi utinins demonstra- 
ble. Recovered patient with higher titer at end of 12 mo. usually sljnifiBS latent infection with survival 

of virus in tissues. 


Lymptiogranuloma 
venereum 


Complement fixation 


Approximately 
1 mo. 


Unknown 


1:4 




Remarks. Probably positive as long as virus remains in host. 




Spirociietes: 
LeptospitiKis 


Agglutination test 


7 days 


4th -7th Wk, 


1:1000 




Remarks. Titers of 1 :100 or less early in course of disease must be reexamined after 5 days. Agglu- 
tinins from previous infection may persist for years. 


Syphilis 


Complement fixation 
Precipitin 


6th -8th wk. 


Secondary stage 


None 




Remarks. Height of single titer not related to degree of infection or degree of host's immunity and 
has no bearing on prognosis. Rising serial titers connote active progression of disease; falling serial 
liters, subsidence. Similar se<iuence can be manifested in biologic false- positive reactions; hence, 
lacking corroborative evidence, tests for detecting false-positite reactions should be applied. Fluctu- 
ating serial titers without specific therapy connote false-positive reaction. False-positive titers usually 
low in adults, occasionally high in children with febrile illness. Serial reagin in titers useful in diagnosis 
of dark-field-negative primary and congenital syphilis, recognition of relapse, differentiation of sero- 
resistance from serorelapse, determination of response to specific therapy, detection of prozone phenom- 
enon, and detection of biologic false-positive reactions. 




Treponema 

Pallidum 
Immobilization 


When primary 
lesions are 5-15 
days old 


Tertiary state in 
untreated pts. 


f^one 




Remarks, Requires maintenance of large rabbit colony to supply living treponema. Useful in identify- 
ing C-F and precipitin biologically false positive reactions. 
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Among all the communicable diseases, those 
spread through discharges of the respiratory 
tract account for the greatest number of hospi- 
tal admissions and the greatest loss of time. In 
most situations, these diseases are also the 
greatest single cause for placing flying pefsonnel 
on a non-flying duty status. Control of these dis- 
eases is of the utmost importance to the Flight 
Surgeon in matntaining health and military ef- 
fectiveness. 

Factors Influencing the Incidence of 
Respiratory Diseases 

The following is a group of points which 
should be borne in mind when considering out- 
breaks of respiratory diseases. They are the 
simplest and most commonly encountered rea- 
sons for high incidence: 

1. Season: Peaks of incidence of the acute 
respiratory diseases usually occur during the 
winter months. Generally, February shows the 
highest incidence, and July and August show 
the lowest. 

2. Geographic area: In general, respiratory 
diseases are a Uttore serious problem in bases 
in the northern part of the United States. How- 
ever, poorly understood factors in some cases 
produce notoriously high respiratory disease 
rates in certain localized areas. 

3. Ba,te of turnover of personnel: The more 
rapid the turnover of personnel at a base, the 
higher is its respiratory disease rate. 

4. Length of service; Because of the early ex- 
change of flora among individuals entering the 
service, the early months after induction show a 
hi^ incidence, usually amomg troops with less 
than four months of service. 
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5. Crowding: Crowding in barracks, messes, 
theaters, classrooms, and dispensaries, is a ma- 
jor factor in the propagation of respiratory dis- 
ease. Quarters where only 6 to 8 men are lodged 
in a single room are much less vulnerable to 
respiratory disease than are those where 30 to 
50 men sleep in a single room. 

Areas Most Vulnerable to 
Respiratory Diseases 

Certain areas and types of installation are 
inherently vulnerable to respiratory diseases. 
Vigilance is especially necessary in these areas: 

1. Inductioa centers. 

2. Training centers. 

3. Staging areas for ports of embarkation. 

4. Troop trains, troop transports, and, to a lesser 
extent, large transport aircraft 

Principles of Control of 
Respiratory Diseases 

Most control measures are merely common 
sense measures, well understood by the Medi- 
cal Officer as apph'cations of elementary prin- 
ciples. The following check list is included as 
a general reminder of measures to be taken by 
the Flight Surgeon in reducing the incidence 
of respiratory diseases. These may be divided 
into measures directed at the source, the spread, 
and the susceptible individual, 

1. Measures directed at the source: 

a. Prompt diagnosis of cases, isolation, and 
treatment. The establishment of a flight-line 
dispensary facilitates reporting by flying per- 
sonnel when Aey are iU, and permits early 
diagnosis. 
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b. Laboratory control of patients, where in- 
dicated, to prevent discharge of patients who 
still carry infectious agents. 

2, Measures directed at the spread: 

a. Avoidance of overcrowding ihe barracks: 
A njimnmrn of 72 sq ft of floor space should 
be allowed for each man in barraclcs. At least 
5 feet should be allowed between adjacent 
bunks; if this is not feasible, bunks should be 
arranged in a head-to-foot sequence, and al- 
ternate beds may be moved a few feet out 
of the original line to increase space between 
heads. Cubicles may be improvised to pro- 
vide barriers between beds. In dormitory type 
barracks with individual rooms occupied by 
four or less men per room, 60 square feet per 
man is an acceptable minimum. 

b. Avoidance of overcrowding in such places 
as dining rooms or theaters; a minimum of 12 
square feet is desired for each man present. 
In the face of epidemics, the use of alternate 
seats in theaters or chapels may be appro- 
priate, 

c. Avoidance of overcrowding in dispensary 
waiting rooms, hospitals; opportunities for 
spread of respiratory disease are especially 
great in crowded waiting rooms. The use of 
spacious rooms, and the steggering of sick-call 
hours for various organizations may be helpful 
in reducing spread in these areas. In hospital 
rooms, at least 100 sq ft of floor space should 
be allowed for each patient. 

d. Maintenance of high standards of cleanli- 
ness in medical facilities: wards, dispensaries, 
and waiting rooms must be kept scrupulously 
clean and free from dust. Diagnostic and 
therapeutic equipment must be thoroughly 
cleaned before and after use on patients. 

e. Maintenance of high standards of food 

service hygiene and sanitation: persons suffer- 
ing from respiratory diseases must not be 
permitted to serve as food handlers. Dishes 
and utensils must be thoroughly washed and 
sterilized. 

f. Avoidance of common use of personal 

equipment: each flyer must have his own 
oxygen mask and other personal equipment. 
When equipment is turned in, it must be 
tiioroughly cleaned, sterilized, and aired be- 
fore reissue. 

g. Restriction of contacts: quarantine of 

healthy contacts is not ordinarily of value in 
military situations. Contacts may, however, 
be examined daily for the duration of the 
incubation period of the disease in question. 



Organizations showing unduly high respira- 
tory disease rates may be restricted from all 
unnecessary contact with other groups. 

h. Education of personnel on appropriate 
aspects of personal hygiene is a useful gen- 
eral control measure. Unit commanders must 
be convinced of the need for training of their 
men in personal hygiene, and medical officers 
must be prepared to aid in that training. 

i. The value of certain air-sanitation meas- 
ures such as the use of ultra-violet light and 
certain disinfectant vapors has not been clearly 
established. These procedures will not ordi- 
narily be used except by prior approval of the 
Surgeon General, USAF. 

j. Adequate ventilation must be maintained 
in all sleeping, living, and working areas. 

3. Measures directed at the susceptible indi- 
vidual; 

a. Avoidance of undue fatigue, or unneces- 
sary exposure from inadequate clothing and 
equipment. 

b. Immunization, where a vaccine or other 
biological is known to be of prophylactic 
value. 

c. Chemoprophylaxis: prophylaxis with drugs 
or antibiotics for the control of certain acute 
respiratory diseases, such as streptococcal and 
meningococcal infections, may be instituted 
under special conditions. Whenever, in the 
opinion of the responsible Surgeon, there is 
a requirement for such prophylactic proce- 
dures, prior approval from the Surgeon of the 
major air command concerned must be ob- 
tained before recommending this procedure 
to the Commander. Following are prophylac- 
tic procedures which may be considered for 
the control of respiratory diseases: 

(1) Sulfadiazine: 1 to 2 grams a day for 
short periods for mass chemoprophylaxis 
against meningococcal meningitis. This is 
of some value in temporarily reducing car- 
rier rates of liemolytic streptoccoci, but 
may cause development of di-ug-resistant 
strains of the organisms. MTien sulfa- 
diazine is administered prophylactically, it 
must be used therapeutically with care in 
the liospital for treatment of the same in- 
dividuals. 

(2) PeniciUin: Penicillin shows consider- 
able effectiveness in reducing carrier rates 
of hemolytic streptococci and in reducing 
the incidence of acute rheumatic fever as 
a sequela. Any form of prophylaxis or treat- 
ment tliat does not eliminate the infecting 
organism is not satisfactory. The following 
procedures have been recommended by the 
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aluminum monostearate in oil in- 
tramuscularly: 

1. Children: One injection o£ 300,- 
000 units every 3 days for 3 doses. 

2. Adults: One injection of 600,000 
units every 3 days for 3 doses. 

(c) Oral Penicillin: 

1. Children: 250,000 units 3 times a 
day for 10 days. 

2. Adults: 250,000 units 3 times a 
day for 10 days. 

(d) Broad spectrum antibiotics; Ther- 
apeutic doses for at least 10 days. 

, J 

n 



ij 



u 



J 



' — ^ American Heart Association for the preven- 

tion of rheumatic fever. Although recom- 
mended for the treatment of streptococci 
disease it is also applicable as a prophylactic 

. measure when the streptococcal carrier rate 

j becomes imusually high; 

(a) Benzathine penicillin G intramus- 

( ■] cularly: 

I 1. Children: One injection of 600,- 

000 units. 

2, Adults: One injection of 600,000 
to 900,000 units. 

(b) Procaine penicillin with 2 percent 



n 
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Food Poisoning 

Cases of food poisoning are not uncoinmon 
in military or civilian populatioiis and, since the 
disorder is usually brief and self -limiting, it is 
not ordinarily considered a serious disease. 
Among aircrew members, however, food poison- 
ing can be extremely dangerous. When all 
members of a crew are affected in flight almost 
simultaneously, by nausoa, vomiting, and diar- 
rhea, there may be difficulty in maintaining con- 
trol of the aircraft, and the mission may haVe 
to be aborted. It is imperative that all USAF 
medical officers maintain a special vigilance in 
the prevention of food poisoning among aircrew 
personnel. 

Further, in view of possible active bacteriolog- 
ical warfare being waged at any time, a mass 
appearance of symptoms should be carefully 
scrutinized. This particular eventuality should 
never be overlooked in any investigation. 

Types of food poisoning. The accompanying 
table shows important characteristics of a few 
types of food poisoning. In military populations 
the commonest cause of food poisoning is the 
enteroloxin of certain strains of staphylococci; 
the next most common is that caused by mem- 
bers of the genus Salmonella, a disorder which 
might more accurately be termed "food infec- 
tion." 

Investigation of an outbreak of food pois- 
oning, Complete plans should be set up for the 
investigation of outbreaks of food poisoning, so 
that when an episode occurs, such an investi- 
gation may be made promptly and proceed 
smoothly. Investigation is often neglected be- 
cause of the press of events in caring for large 
nmnbers of patients at one time. But unless the 



cause is found and eliminated, similar episodes 
are almost certain to recur. The practice of 
keeping a complete sample of each meal under 
refrigeration for 24 hours may be esdxemely 
helpful in case an outbreak of food poisoning 
should occur. Essential points in an investigation 
include: 

1. Preliminary estimate of the nature of the 
outbreak: if patients report en masse, a short 
incubation period and a staphylococcal etiology 
are suggested. Patients should be interrogated 
as to the foods they have eaten in the period 
under suspicion. Determination of the offending 
food is usually easy in the case of staphyloccal 
food poisoning, but more difficult in the case of 
Salmonella infection. 

2. Immediate visit to the food service facilities, 

and collection of specimens of suspected food, 
if available. Specimens should be returned to 
the laljoratory and examined for staphylococci. 
Salmonella, or other organisms. In staphylococ- 
cal outbreaks, direct smears often show tremen- 
dous numbers of organisms. 

3. Stool cultures or rectal swabs on patients are 
important, expecially if Salmonella is suspected, 

4. Food handlers should be examined as 
promptly as possible. The examination should 
include inspection of skin, nose, and throat, and 
stool examination, including culture. 

5. If the etiological mechanisms of the out- 
break are not clear in the early hours of the 
episode, it may be profitable to prepare a mim- 
eographed sheet, listing all the foods sei-ved in 
the period under suspicion, each to be checked 
by evejy individual having eaten it, and a list 
of symptoms to be checked by those affected. 
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Table 23-1. Comparison of Seme Important Types of Food Poisoning 



Etiological 
Agent 


Staphylococcus 
Enterotoiin 


Salmonella 
(Many Species) 


CI. 

Botulinum 
Tojin 


Food 

Implications 


Custards, cream soups & 
sauces, cream pastries, ice 
cream, salad, prepared meats. 


Chicken, turkey, salmon, eggs, 
ham; salads made with 
these items 


/^onacid canned or preserved 
foods 


Mechanism 


Contanrination by food hand- 
lers, followed by incubation 


Organisms present in food 
survive cooking, if inad- 
equate ; or may be added by 
human or animal contam- 
ination 


Organisms in soil; contam- 
inate food, grow, and pro- 
duce toxin 


Timft llnlil 

Onset 


2-6 hours; 
usually 2^-3 


7-72 hours; 
usually 12-24 


2 hours to 8 days 


Symptoms 


NAUSEA & VOMITING, abdom- 
inal cramps, diarrhea; tem- 
perature subnormal 


ABDOMINAL PAIN, DIAR- 
RHEA, chills, fever, nausea 
& vomiting, prostration 


DYSPHAGIA, DIPLOPIA, dys- 
phonia, respiratory paral- 
ysis 



When all the information is correlated, it 
should be possible to identify the one item of 
food consumed by evieiyone who showed symp- 
toms. Not aU persons are affected equally since 
there ate great variations in individual tolerances 
and in sizes of portions consumed. When offend- 
ing food has been identified, and the source and 
the reasons for the outbreak undmtood, the 
means of preventing a recurrent^ will be clear. 

An outbreak of food poisoning presents an 
excellent opportunity for education of food 
service personnel in the prevention of this con- 
dition. 

Prkvektion of food POiBOKfiHG. Food poison- 
ing can be prevented by the following pro- 
gram: 

1. Education of food service personnel on per- 
sonal hygiene, and food service hygiene and 
sanitation. Daily inspectipn of food handlers by 
supervisory personnel is of the greatest impor- 
tance. 

2. Maintenance of proper standards of food 
service hygiene and sanitation. The details of 
the food service hygiene and sanitation program 
are covered in AFM 160-36 and AFM 146-7, 
and every Medical Officer should familiarize 
himself with these publications. Adherence to 



the program can be maintained only by regular 
inspection of food service faciUties, food han- 
dlers, and food-handhng practices. A Food 
Service Facilities Inspection Check List is repro- 
duced in Chapter 32. 

Intestinal Infections 

The intestinal infections include (besides the 
acute gastroenteritis caused by members of the 
genus Salmonella which are usually included in 
food poisoning) the paratyphoids, the baciUary 
dysenteries, the protozoal dysenteries, typhoid 
fever, and cholera. All are Caused hy the con- 
tamination of food or drink by excreta, and all 
are susceptible to control with the same pro- 
gram. In addition, certain helminth infestations 
are spread by the same means, and may be 
controlled by the same program. Details of the 
program are presented in AFM 160-36, and 
AFM 146-7, and are summarized as follows: 

1. Education of food service personnel on food- 
handling hygiene and sanitation and personal 
hygiene. 

2. Maintenance, by inspection, of proper food- 
handling practices, with regard to storage, cook- 
ing, and refrigeration. 

3. Protection of foods fipom flies, rats, and 
mice. 
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4. Discoveiy and exclusion of carriers from 
food-handling. 

5. Maintenance, by inspection, of proper stand- 
ards of cleanliness of kitchens, dining rooins, 
utensils, equipment, and dishes. 

6. Proper waste disposal. 

7. Proper procurenaent and treatment of water. 

Special problems of food handlers. Mili- 
tary personnel permanently assigned to food- 
handling duties are easily controlled regarding 
hygiene and health. A greater problem is pre- 
sented by tile "mess attendants," the individuals 
who are assigned by roster to duty in the kitchen 
or food service facibties, usually for no more 
than one day at a time. Since these individuals 
are not subjected either to the usual food- 
handlers' training or to periodic physical exam- 



inations, vigilance must be exercised by the food 
service supei'visor to exclude mess attendants 
with skin infections, sore throats, or other ill- 
nesses until cleared for duty by medical au- 
thority. 

Furthermore, they must not be permitted to 
handle foods or utensils in a manner which 
would encourage contamination if they happen 
to be carriers of pathogenic organisms. A similar 
problem often exists in certain overseas areas, 
where a shortage of military personnel usually 
dictates the use of indigenous personnel in 
kitchens and dining rooms. If at all possible, the 
use of native food handlers should be avoided 
in most overseas areas. Otherwise, they must be 
subjected to the same physical examinations as 
military food service personnel, 
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AFM 146-7 Sanitary Food Service. 
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At one time venereal diseases were the out- 
standing medical problem of military fofces be- 
cause of their high incidence, and, more, be- 
cause of the long periods of hospitaUzation and 
noneffectiveness which resulted from these dis- 
eases. With modem drug and antibiotic treat- 
ment, the noneffectiveness resulting from vene- 
real diseases has been reduced almost to zero. 
These diseases are now commonly treated on 
an out-jpatient basis. The treatment is highly ef- 
fective, and relapses and complications are rare. 
For these reasons, the medical aspects of vene- 
real diseases have decreased in importance. 

The primary responsibility of the Medical 
Service in venereal disease control is to insure 
that all personnel are acquainted with these 
diseases as part of their health education pro- 
gram, and that every case of venereal disease 
is promptly diagnosed and treated. The Med- 
ical Service also cooperates with civilian health 
authorities in attempting to remove this reser- 
voir of infection by identifying each contact and 
reporting contacts to local health authorities for 
diagnosis and treatment. In addition to these 
activities. Medical Service officers provide tech- 
nical advice in the operation of the character 
guidance program. 

Early Diagnosis and Treatment 

Personnel must be educated to report prompt- 
ly to their Medical Officers whenever they have 
reason to believe that they may have a venereal 
disease. The risks of "outside" treatment, and 
the lack of proper follow-up observation after 
such treatment, must be stressed at every op- 
portunity. 

Accurate records must be kept of venereal 
disease cases so that follow-up examinations 



may be made. In syphilis cases, the dates and 
results of diagnostic tests, together with records 
of treatment, must be entered in the syphilis 
register. Special efforts must be made to ensure 
that the syphilis register accompanies iiidivid- 
uals who are transferred during their period of 
observation. In accordance with AFR 16Q-77, 
syphilis registers are to be a part of out-patient 
service files and field personnel records group. 

Hospitalization is not now required, except 
tor study of undiagnosed local lesions, or for 
treatment of certain complications of venereal 
diseases. Details of treatment should be obtained 
from the latest available Air Force regulation or 
manual. 

Contact Investigation 

A vital part of the epidemiological control of 
venereal diseases is the interrogation of patients 
to secure information on recent contacts. This 
is important, not merely to determine the pos- 
sible sourc^ but also to detertnine what indi- 
viduals may have been exposed by the patient. 

Interrogation of patients is usually best done 
by an airman who has been specially chosen for 
his ability to win the confidence of patients, 
and who is aware of the importance of his job. 
The interview should be carried out in a room 
which gives adequate privacy, and the interrog- 
ator should avoid taking notes during the inter- 
view. An appeal should be made to the patient's 
sense of responsibility to his contacts and to his 
fellows. He should understand that his contacts 
will be visited by a civilian public health nurse 
and will be given treatment, if necessary. 

Information obtained In the interview is en- 



AF MANUAL T61-1 



24-1 





Aa Enivte tt a TMfniiliic Ruwrt 
fir Oil-tf-Strii CHtMt 



tered on PHS Form 2936 (VD). The latest re- 
vision of AF Regulation 160-82 should be con- 
sulted for transmission of these forms to public 
health departments. 

In out-of-state contacts with early syphilis, 
telegraphic reports are required. In such reports, 
the following code is used: 

S-10 — for patient with primary syphilis 
S-20 — for patient with secondary syphilis 
S-30 — for patient wilt early latent sypMlis 
Education 

The Medical Officer usually participates, to- 
gether with chaplains, commaiKjers, and air 
provost marshals, in activities of character guid- 

24-2 



ance councils, and carries out such education 
on venereal diseases as may be indicated. Medi- 
cal Officers should present information on VD 
prophylaxis to patients with venereal diseases 
and other persons who insist on exposing them- 
selves in spite of character guidance. 

Poh'ce Function 

When an establishment is known to be a 
meeting place with contacts, or a common place 
of exposure, the Medical Officer should recom- 
mend tliat it be placed "off limits" to military 
pei'sonnel. Following such a designation by the 
base commander in the area, the air provost 
marshal is responsible for apprehending any 
miUtary personnel found in the establishment. 
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Provision of Adequate Recreation 

The unit Medical OfBcer is in a position to 
urge the development of sports programs, and 
the provision of recreational facilities and activ- 
ities. The benefits of such programs are appar- 
ent in impro^^eiment of general morale as well 
as in reduction of venereal disease rates. 

Prophyldxls 

The operation of "pro stations" in civilian 
or military communities is no longer a part of 
the military venereal disease tsontrol program. 
Greater emphasis is being placed on the use of 



the condom and thorough washing vdth soap 
and water promptly after exposure. 

Antibiotic x^rophylaxis of venereal diseases is 
a costly program, to be undertaken only when 
incidence of gonorrhea is extremely high and 
constitutes a serious threat to the mission. Anti- 
biotic or other drug prophylaxis is not author- 
ized for prevention of syphilis, chancroid, 
lymphogranuloma venereum or granuloma in- 
guinale. When a Unit Surgeon decides to use 
oral penicillin prophylaxis for gonorrhea, he 
must inform the Command Surgeon and the 
Surgeon General of his decision, and the reason, 
in a special report. 
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Classification 

Immunity may be divided into two cate- 
gories, natural and acquired; acquired immu- 
nity may be further subdivided into passive 
and active. Passive immunization, which is the 
transferral of antibodies from an immune to a 
susceptible individual, is of limited value in the 
military service except in such cases as gas 
bacillus infections. Active immunization, which 
is the generation of antibodies by the injection 
of a specific antigen into a susceptible individ- 
ual, is the method of greatest military value. 

Immunization procedures are considered in 
three groups: routine, special, and occasional. 
Routine immunizations are given to all person- 
nel on entering service fqr duty anywhere. 
Special immunizations are given to personnel 
who are working in hazardous areas of the 
world. Occasional immunizations are given only 
when indicated for specific diseases. 

Handling of Bioiogicals 

Smallpox and yellow fever vaccines must be 
stored and shipped at temperatures below freez- 
ing, preferably at -18° to -15° C (0° to 
5° F). The potency of smallpox vaccine is lost 
rapidly at 5° G (41° F). Yellow fever vaccine 
should not be used if it has been exposed to 
room temperature for more than an hour. In 
case of electrical failure, steps must be taken 
to keep smallpox and yellow fever vaccine be- 
low freezing. These vaccines should be stored 
in the ice cube or freezing compartment of the 
refrigerator. 

All other biologicals marked as requiring re- 
frigeration but not required to be kept frozen 
should be stored at temperatures between 2° 



and 10° C {35° to 50° F). Lower temperatures 
may be harmful, because freezing may injure 
the product or break the container. 

Administration 

Before injecting any biological, such as vac- 
cines, toxoids, and serums, the existence of sen- 
sitivity to foreign protein must be determined. 
This is especially true of egg protein in the case 
of vaccines for typhus, influenza, yellow fever, 
and Rocky Mountain spotted fever. These vac- 
cines are cultivated in eggs. When the individ- 
ual gives a history of aEergy, sensitivity should 
be cautiously tested. Small, frequently repeated 
doses of the vaccine, or actual desensltization, 
may be employed. 

All immunized subjecte should be observed 
for at least 30 minutes after an injection, since 
practically all dangerous reactions occur within 
that period. A solution of 1:1000 epinephrine, 
injected subcutaneously in doses of 0.3-0.8 cc, 
is sufficient to control mild reactions. For 
severe reactions, larger or repeated doses may 
be used. A syringe of epinephrine must always 
be on hand. 

When i-eactions with an immunizing agent 
are unusually severe or frequent, a report must 
be made to the Surgeon General, The report 
should contain the following data: name of tJie 
product, manufacturer's name, dosage, lot num- 
ber, expiration date, which injection in the 
series produced the reaction, and what kind of 
reaction was produced. 

Special care is needed in the administration 
of smallpox vaccine: the vaccine must be living, 
i. e., potent; the skin must be dry at the time 
of application (ether or acetone should be 
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used); HO blood should be draism in puncturing 
the skin; to ensure that the vaccine is not wiped 
off immediately after the skin is punctured, leave 
the drop in place for several minutes and then 
blot gently with cotton; and the site should not 
be covered. 

Iktervals. If at all possible, adhere to rec- 
ommended intervals. However^ if the schedule 
is interrupted, do not start over but resume the 
series where it was stopped. In case the indi- 
vidual has had previous military service, even 
though his immunization register is not avail- 
able, he may be assumed to have been immu- 
nized against tetanus, typhoid, and smallpox. 
Start a new register, entering those immuniza- 
tions with their approximate dates. 

ImmunizaHon Requirements 

a. MujItahy personnel. All personnel on 
active duty in the Armed Forces of the United 
States including cadets and midshipmen, will be 
immunized as directed in AFR 160-102. 

( 1 ) All personnel entering on active duty will 
receive required routine immunizations or 
reimmunizations as soon as practicable after 
arrival at a training or mobilization center. 

(2) Reserve Officer Training Corps students 

who are to attend summer camps, cniises, etc., 
will be given such special immunizations as 
may be required for the specific geographic 
area of travel. 

(3) Military personnel alerted for movement 
to or between oversea areas will be given 
required immunizations or reimmunizations 
at their last duty station prior to beginning 
of travel. 

b. NoNMiLiTARY PERSONNEL. Appropriate im- 
munization will be administered to nonmilitary 
personnel who are exposed to significant risk 
of disease due to occupation or service with the 
Armed Forces or residence at Armed Forces in- 
stallations. The term "nonmilitary personnel" 
includes civilians employed by the Armed 
Forces, or oAerwise employed but subject to 
the jurisdiction of the Anned Forces; diepend- 
ents of such civilian or of military personnel; 
and all persons, including military personnel not 
on active duty, sponsored for travel by, or trav- 
eling on vessels or aircraft imder the jurisdiction 
of the Armed Forces. 

(1) Nonmilitary personnel who travel under 
the sponsorship of the Armed Forces to areas 
outside tlie continental United States will re- 
ceive the same immunizations that are re- 
quired for military personnel travelmg to or 
residing in such areas. 



(2) Children are requin^d to receiver the same 
immunizations as adults. Dosages of the vari- 
ous immunizing agents should be modified 
according to the age of the child as indicated 
in AFR 160-102, 

Specific Geographic Requirements 

Immunization requirements for travel to or 
duty in specific geographic areas are as follows: 

a. Geneh.al. Smallpox, typhoid-paratyphoid, 
and tetanus-diphtheria immunizations are desig- 
nated "routine" and are required in all areas 
of the world. Poliomyelitis vaccination is re- 
quired of all personnel under age 40. In those 
areas designated on the map which follows, by 
letters other than R, the letters symbolize the 
immunizations in addition to the routine ones 
and poliomyelitis, required for that area. More 
than one letter, as an area designation, indicates 
that all immunizations symbohzed by those let- 
ters are required. 

b. Area R — includes North American con- 
tinent, including the fifty states, except Cen- 
tral America; British Isles; Iceland; Greenland; 
Aleutian Islands; Australia; New Zealand; and 
all other Atlantic and Pacific island's except those 
designated in other areas on the map. 

( 1 ) Smallpox — successful vaccination or 
revaccination every 3 years. 

(2) Typhoid — Paratyphoid — basic series; plus 
two reimmunizations at 4-year intervals for 
personnel remaining within the fifty states 
and Canada. Reimmunization is not required 
in this area if the basic series and two reim- 
munizations have previously been received. 

(3) Tetanus-diphtheria — basic series; reimmu- 
nization every 4 years, 

(4) PoUonujelitis — immunization will be ad- 
ministered to all personnel under age 40. 
Reimmunization not less than 1 year later. 
Travel of personnel will not be delayed ex- 
cept for those lacking the first dose. Required 
doses not administered prior to travel will be 
given in the oversea area. Personnel age 40 
and older may he vaccinated on a voluntary 
basis, 

e. Area T — includes continental Europe 
and certain Middle East and North African 
countries as outlined on map. 

(1) Smallpox — vaccination or revaccination 
within 1 year of beginning travel. Annual 
reimmunization while in this area. 

(2) Tijphoid-paratyphoid basic series or 
reimmunization within 1 year of beginning 
travel. Annual reimmunization while in this 
area. 
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Figure 25-1. World Areas for Which Certain Immunizations are Required 



(3) Tetanus-diphtheria — basic series or reim- 
munization within 4 years of beginning travel, 
except that travel will not be delayed if two 
injections of basic series have been given. 
Reimmunization every 4 years. 

(4) Poliomyelitis — For personnel under age 
40, basic series plus one reimmunization not 
less than 1 year later if this interval has 
elapsed since basic series. Travel of personnel 
will not be delayed except for those lacking 
the first dose. Required doses not administered 
prior to travel will be given in the oversea 
area. 

(6) Typhus — Basic series, except that travel 
will not be delayed if two injections of basic 
series have been given. Reimmunization just 
prior to local typhus season may be required 
annually in areas where typhus is a real or 
threatened hazard. 

d. Abea CT — includes Asia, New Caledo- 
nia, New Hebrides and Solomon Islands, norfli- 
east Africa to include Egypt and Israel as out- 
lined on map. 

(1) Smallpox, typhoid-paratyphoid, tetanus- 
diphtheria, poli(ymyelitis, and typhus — same 
as for Area T. 

(2) Cholera — basic series except that travel 
will not be delayed if two injections of basic 
series have been given. Reinfirtiunization may 
be required every 6 months in areas where 
cholera is epidemic or highly endemic and 



personnel are exposed to threat of infection. 

e, Abea Y — includes Central America; 
South America; Trinidad; and that part of Africa 
roughly below the 20° N. parallel, as outlined 
on map. 

(1) Smallpox, typhoid-paratyphoid, tetanus- 
diphtheria, poliomyelitis — same as for Area T, 

(2) Yellow fever — immunization or reimmu- 
nization not less than 10 days, or more than 
6 years prior to arrival. The 10-day minimum 
interval does not apply to travelers to the 
Panama Canal Zone. Yellow fever immuniza- 
tion is not required for crew or passengers 
of vessels or aircraft passing through the 
Canal Zone unless such immunization is re- 
quired at their destination. Reimmunization 
required every 6 years while on dut\' in 
Area Y. Date and station of administration, 
name of manufacturer, and batch or lot num- 
ber of vaccine will be entered legibly and the 
vaccinator will Sign his name on the official 
immunization records, 

f. Area YCT — includes India, Ceylon, Pak- 
istan, Sudan, Ethiopia, Eritrea, and the Somali- 
lands. 

( 1 ) Smallpox, typhoid - paratyphoid, tetanus- 
diphtheria, poliomyelitis, cholera, and typhus 
— same a.s Area CT. 

(2) Yellow fever — same as for Area Y except 
that inimunizatiDn is reqmred 12 days prior 
to arrival in India, Pakistan, and Ceylon. 
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Entry or Reentry qf Military and Nonmilitary 
Personnel into the United States, its 
Territories and PossessiorKS 

United States Foreign Quarantine Regulations 
require a successful smallpox vaccination more 
than 8 days and less than 3 years prior to entry 
of any person into the United States, its Ter- 
ritories and possessions. Two otier iramuniza- 
tion.s may be required, depending on the area 
from which the individual arrives: 

a. Cholera immunizatioii Hiore than 6 days 
and less than 6 months prior to entry of all 
persons arriving within 5 days from areas de- 
clared by quarantine authorities to be infected 
with cholera, 

b. Yellow fever immunization more than 10 
days and less than 6 years prior to entry of all 
persons arriving within 6 days from areas in- 
fected with yellow fever, if such persons arrive 
in a yellow fever receptive area within the con- 
tinental United States, Guam, Puerto Rico, Vir- 
gin Islands, or Wake Island. United States yel- 
low fever receptive areas are indicated on the 
area map in AFR 160-102. 

Records of (mmunizalion 

a. Military Personnel. At the time of initial 
immunization of a person on entry into military 
service, SF 601 and DD 737 will be initiated. 
Both of these forms are official Department of 
Defense records and have corresponding valid- 
ity. All subsequent immunizations will be re- 
corded on both forms and the forms maintained 
as follows: 

(1) SF601 

(a) In the Army and Navy, AR 40-403 and 
BUMED instruction 6150.7 are applicable. 

(b) In the Air Force SF 601 will be prepared 
by the unit personnel officer, in the original 
only, for each person in the active military serv- 
ice. It will be filed in the field personnel folder 
in accordance with AFM 35-9 and AFM 35-12. 
The status of immunization for each person will 
be checked by the unit personnel officer at 
appropriate intei-vals. Keeping personnel im- 
mune is a command responsibility. When SF 
601 is initiated to replace DA 8-117, entries will 
not be transcribed to SF 601, but copies of DA 
8-117, if available, will be attached to the re- 
verse side of SF 601. Upon release from active 
duty or separation from fiie service, SF 601 wiU 
be inserted in the master personnel records. 

(2) DD737 

(a) This form will be furnished to each in- 
dividual member of the Armed Forces, It will 
be carried by him and reflect his current immu- 
nization status. This form, when properly accom- 
phshed and authenticated, serves as a valid 



certificate of immimization for intematfonal 
travel and quarantine purposes ia accordance 
with Article 99, International Sanitary Regula- 
tions. Entries for smallpox, yellow fever, and 
cholera must be authenticated by the actual sig- 
nature of the medical officer. The data in other 
portions of the form, including signature blocks, 
may be entered by hand, rubber stamp, or type- 
writer. 

Iimnunizations other than those specified 
above may be authenticated by initialing. The 

day, month, and year will be expressed in the 
order named. The day will be expressed in 
Arabic numerals. The month will be spelled out 
or abbreviated using the first three letters of 
the word. The year will he expressed in Arabic 
numerals, either by 4 digits or by the last 2 
digits. PHS Form 731 (International Certificate 
of Vaccination) need not be prepared for mili- 
tary personnel travehng abroad, 

b. Nonmilitary Personnel. At the time of 
initial immunization of tooninilitary personnel, 
DD 737 will be completed and retained by the 
individual. All subsequent immunizations wiU 
be recorded on this form which can be pre- 
sented as an official record of immunizations re- 
ceived. This form, however, is not acceptable 
for international travel and quarantine purposes 
for personnel not on active duty in the Armed 
Forces. Written statements from civilian physi- 
cians attesting their immunization of nonmili- 
tary personnel and giving dates and dosages 
may be acceptable as evidence of immunization. 
Such information may be transcribed to official 
records. 

c. Completion of PHS 731. As destaibed 
below, PHS 731 is required for all nonmilitary 
personnel prior to beginning travel abroad. 

( 1 ) Entries must be made for smallpox, yellow 
fever, and cholera if required for travel. Time 
limits for the validity of immunizations are 
shown on the form and will be closely ob- 
served. Entries for "other immunizations" wiH 
be made in appropriate spaces. 

(2) Entries on the PHS 731 may be based on: 

(a) Immunizations administered at the 
preparing facility. 

(b) Transcription from official military 
records, or 

(c) Transcription from written statements of 
civilian physicians if sufficient information 

is provided. 

(3) The day, month, and year veill be ex- 
pressed in the order named. The day will be 
expressed in Arabic numerals. The month will 
be spelled out or abbreviated, using the first 
three letters of the word. The year will be 
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expressed in Arabic numerals, either by 4 
digits or by the last 2 digits. 
(4) Entries will be authenticated by the sig- 
nature of &e physician and by affixing the 
Department of Defense Immuniisation Stamp. 
Entries based on prior records will have the 
statement added: "Transcribed from official 
United States Department of Defense rec- 
ords." 



(5) PHS Form 731 will be obtained through 
normal forms procurement channels. The De- 
partment of Defense Immimization Stamp 
(Rubber Stamp, fixed type. Immunization 
Certification, Department of Defense Seal, 
FSN 7520-791-3900) is available through nor- 
msi medical supply channels on the basis of 
one for each medical installation. 
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AREAS WHERE DENGUE OCCUfiS 

DISTRIBUTION OF MOSQUITOES CAPABLE 
OF TRANSMiniNG DENGUE FEVER 





Figure 26-1. Geographical Distribution of Dengue 




Figure 26 2. GeD:^rapliical Distribution of Plague 
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Figure 26-3. Geoeraphical Distribution of Sciiistosoiniasis 




Figure 26-4. Geographical Distribution of Leisiimaniusis 
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Figure 26-6. Geographical DistiiliuSan of Cholera 
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EpidemiologY in 



Relation to Air Travel 



n 



Throughout history the association between 
human travel and the spread of disease has been 
notorious. Military operations, religious pilgrim- 
ages, and ordinary commercial travel have been 
responsible for spectacular epidemics and for 
maintenance of the shifting reservoirs of ecun- 
municable diseases. The development of the 
airplane introduced new hazards and new 
threats in the dissemination of disease. For the 
first time, it became possible to make extensive 
journeys during the incubation periods of all the 
communicable diseases. 

Fortunately, air tralBc has been respensft>le 
for relatively few episodes of disease transmis- 
sion across international boundaries. This good 
fortune has been due in large part to the fact 
that international control programs had already 
been established by the time air travel became 
commonplace. The hazards still exist, however, 
and, in case of large-scale military operations, 
the control program might be disrupted. 

Almost any communicable disease might have 
its spread extended and accelerated through air 
travel. A highly transmissible strain of influenza 
virus might make its way around the world in 
days, instead of weeks, as in 1918. Typhoid fever 
might be widely disseminated, as was the case 
in 1947, when contaminated inflight meals were 
consumed by travelers from Alaska to Washing- 
ton and California. The dissemination of small- 
pox is one of the major hazards in air travel 
for three reasons; there are pitfalls in the 
administration of smallpox vaccine; immunity to 
smallpox is poorly maintained in many parts of 
the world; and the relatively long incubation 
period pennits extensive travel b^tweett liie time 
of infection and the development of recognizable 



symptoms. The threat of dissemination of yellow 
fever is another serious threat because of the 
widespread distribution of the vectors. Still an- 
other serious threat associated with air travel 
is that of the transplantation of vectors of ma- 
laria, as was demonstrated in Brazil in 1930, 
wlien Anopheles gamhiae was carried to Brazil. 
This mosquito, accidentally carried from Africa 
by ship, was responsible for a tremendous in- 
crease in hiiman malaria until the species was 
finally controlled in Brazil in IMO. 

Inlernfitional Sonitary Regulations 

International efforts at prevention of disease 
dissemination through travel were, for many 
years, implemented through International Sani- 
tary Conventions. The early efforts were directed 
toward the control of three, and, later, five 
diseases (typhus, plague, cholera, smallpox, and 
yellow fever), and consisted in large part of 
detention of the traveler on arrival from infected 
areas for periods corresponding to the incuba- 
tion periods of the diseases in question. 

The development of air travel made arrival 

control absurd, since the traveler might lose the 
advantage of rapid transportation if he were 
detained for five to fourteen days after arrival. 
A new system of control was needed, and this 
was drawn up in 1933 at the International Sani- 
tary Convention on Aerial Navigation, and 
amended later in 1944. This agreement covered 
the same five diseases, but y^a^ baped in large 
part on departure control rather than arrival 
control. Immunization and sanitary control of 
airports were prominent parts of the new 
program. 
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The latest change in the program was devel- 
oped at the Fourtli World Health Assembly, 
held in Geneva in 1951. The new Internationa] 
Sanitary Regulations have the force of a treaty 
among members of the World Health Organiza- 
tion, effective 1 October 1952. The new regula- 
tions add another disease, louse-borne relapsing 
fever, and have instituted some simplification in 
forms and adnainistrative procedures. The Inter- 
national Sanitary Regulations, as now in force, 
cover five groups of activities of interest in air 
travel : 

1. Free interchange of infonnation concerning 
the existence of "quarantinable" diseases within 
the respective countries. This information is 
circulated throughout member nations of the 
WHO by means of the Weekly Epidemiological 
Record, published by the WHO in Geneva, 
Switzerland. 

2. Medical surveillance nf the airport and sur- 
rounding areas. This implies effective medical 
intelligence in the aiipoii: ajfea, for recognition 
of diseases which might be spread by air travel, 
and special precautions in case such diseases 
are present. It also means a continuous, effective 
sanitary survey and control program in the area 
of the airport, special attention being ^ven to 
detection and control of insects eumJ rodents. 

3. Passenger control at point of departure. This 
covers immunization against yellow fever, small- 
pox, and cholera, where indicated. It is con- 
cerned with the traveler's freedom from parasites, 
freedom from disease, and freedom from history 
of exposure to disease. 

4. Control aboard the aircraft. This covers 
inspection and disinfection of the aircraft, and 
also the reporting of inflight illness (otiier than 
airsickness ) by radio, to perrnit medical inspec- 
tion of patient and feUow passengers upon 
arrival. 

5. Passenger control at point of arrival Activ- 
ities at this point serve to reinforce those at the 
point of departure. International travelers who 
have failed to comply with departure require- 
ments, or any others who may present a threat 
of dissemination of disease, may be required to 
complete their requirements, and may, in addi- 
tion, be held under surveillance (with daily 
reporting to health officials), or under isolation 
for a period corresponding to the incubation 
period of the disease in question. 

The International Sanitary Regulations are 
implemented, in the USAF, by AFR 160-26, 
which should be read by any officer whose sit- 
uation requires information on this program. 



Responsibility for the Intemalional 
Quarantine Program 

The International Quarantine Program is not 

primarily a responsibility of the Air Force. Under 
normal circumstances, work under this program 
is carried out by representatives of the United 
States Public Health Service in this coimtrv- and 
in many foreign ports, or by corresponding 
officials in other countries. There are three rea- 
sons, however, why USAF Medical Officers 
should be famihaf with the program: 

1. Unlesss waivers are specifically established by 
treaties or agreements between countries, naili- 
tary personnel must comply with the provisions 
of the International Sanitary Regulations. 

2. In case of large-scale military activity, 
USAF Medical Officers may find themselves 
concerned with international traffic, but wifliout 
the help of USPHS representatives. 

3. The USAF Medical Service has a grave 
responsibility, not only to the United States, but 
to other areas of the world, in the prevention 
of the spread of disease, disease vectors, and 
agricultural disease. Therefore, it is imperative 
that close attention be given to all measures 
designed to prevent such occurrences and that 
there be strict compliance with all international 
and Air Force regulations. 

The Intemational Certificate of 
Vaccination 

A most important document in the Interna- 
tional Quarantine Program is the International 
Certificate of Vaccination, in which important 
modifications were mkde effective 1 January 
1957. Another encouraging change in the new 
regulations is the establishment of acceptability 
subject to approval by member nations of mili- 
tary immunization records, as long as they pro- 
vide substantially the same information as is 
carried on the International Certificate and as 
long as they contain a statement to the effect 
that they are issued in accordance with Article 
99 of the International Sanitary Regulations. The 
Medical Officer must keep himself informed of 
any changes in military forms and regulations 
relating to immunization, but in general the fol- 
lowing precautions must be observed: 

1. The Certificate must be filled out completely. 
Lot numbers and sources of yellow fever, small- 
pox, and cholera vaccine must be recorded. 

2. The entries must be signed. Rubber stamps 
or initials are not acceptable. 

3. Date entry will be as follows: the day will 
be in arable numerals; the month will be abbre- 
viated or spelled out, and the year will be in 
arabic numerals, i. e., "6 Oct 60". 
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4. Entries must be stamped, using the Stamp, 
Immunization Certificate, Department of De- 
fense Seal {available through medical supply 
channels). "The U. S. Public Health Seal may 
also be used for certification. 

The Quaranti noble Diseases 

The present list of diseases covered by the 
International Sanitary Regulations includes 
louse-borne typhus, plague, cholera, smallpox, 
yellow fever, and louse-borne relapsing fever. 

The USAF Medical Officer is required, under 
the provisions of AFR 160-26, to send a tele- 
graphic report to his next higher headquarters, 
with an information copy to the Preventive 
Medicine Division, Oifice of the Surgeon Gen- 
eral, Headquarters USAF, whenever a case of 
one of the quarantinable diseases is diagnosed 
or suspected in military personnel, dependents, 
or civilian employees at his station. 

The important portions of the International 
Sanitary Regulations relating to these diseases 
are summarized as follows: 

Typhus (epidemic, louse-borne). On de- 
parture from an infected local area, a person 
on an international voyage will be disinfested if 
the health authority for that area considers him 
likely to spread typhus. His clothing and prop- 
erties shall be disinfested and, if necessary, 
disinfected. A person on an international voyage, 
who has left an infected local area within the 
previous 14 days, may, if the health authority 
for the place of arrival considers it necessary, 
be disinfested and put under surveillance for a 
period of not more than 14 days, reckoned from 





the date of disinfesting. Clothing, baggage^ and 
other articles may be disinfested and, if neces- 
sary, disinfected. Note that vaccination is not 
required by the International Sanitary Regula- 
tions, although AFR 160-26 and AFR 160-102 
require immunization against epidemic typhus 
for Air Force personnel proceeding to certain 
endemic areas. 

Plague, Precautions specified against plague 
are concerned principally with the control of 
rats and fleas in port areas and conveyances, 
including aircraft. Vaccination against plague is 
not required. The port health authority may 
require disinfestation and, if necessary, disin- 
fection of any infected person or sus]iect, his 
baggage, or any other article considered to be 
contaminated. 

Cholera. An international traveler from a 
cholera-infected area, if he has a certificate of 
immunization, may be placed under surveillance 
for not more than 5 days; if ho does not possess 
an immunization certificate, he may be placed 
IN ISOLATION for 5 days. 

Smallpox. Unless an international traveler 
shows evidence of having had the disease, he 
must show a certificate of vaccination, or may 
be placed under surveillance for 14 days from 
the date of departure from the last territory 
visited before arrival. 

Yellow fever. Vaccination may be required 
of any person leaving an infected area on an 
international voyage and proceeding to a yellow 
fever receptive area. If the traveler arrives 
without the certificate, from an infected area, 
he may be isolated mitil the certificate becomes 
valid, or until a period of 6 days has elapsed 
from the last possible exposure. The new regu- 
lations recognize the validity of immunization 
for six years. 
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IjOUSE-hohne belapsing feveh. Precautions are 
the same as for epidemic typhus, except that the 
period of surveillance is not more than 8 days 
from the date of disins^^tizatitm. 

Insect Disseminotion by Aircraft 

Dissemination of insects by aircraft may re- 
sult in introduction of new species capable of 
serving as vectors of human disease, or introduc- 
tion new species of insects which may be 
injurious to crops. 

The USAF regulations on this subject are 
contained in AFH 1^71. 

ScHne important provisions of this regulation are 
sommarized below: 

1. Disinsectization will be carried out prior to 
die last take-off before the entry concerned, 
using insecticide, AerOSol; 12 oz. disp^iser 
(DDT-allethrin). 

a. By the pilot or, under the direction of 
the pilo^ by a member of the crew. 

b. After loading, during or prior to the 
warm-up. 

c. Dooars and openings will he closed during 
spraying and will remain closed until aftra 
take-off (at least 3 minutes). 



d. Disinsectization wiU be carried out in all 
compartments; if inaccessible from inside, they 
will be spcayed from outside when loading 
is complete. 

2. Disinsectization will be carried out prior to 
entering the United States except from: Alaska, 
Bermuda, British Isles, Canada, Greenland, Ice- 
land, the Federal District of Mexico, and the 
Virgin Islands. 

3. Use of the Dispenser: In spraying, 10 grams 
of ccntente per 1,000 cubic feet of space wiU 
be used. Hie stopcock-type dispenser gives 10 
grains in 5 seconds. 

4. Certification of disinsectization will be ac- 
comphshed on AF Form 182, Aircraft Deciara- 
tion of Healtii. 
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Special Problems 

of Aircraft 
. . Sanitation 



Measures for preventing introduction and dis- 
semination of disease or arthropods by aircraft 
were discussed in an earlier chapter. These 
measures are of importance, primarily, in inter- 
national travel. 

There are, in addition, numerous other prob- 
lems of sanitation which are of importance 
aboard aircraft. Since equipment and techniques 
related to these problems are subject to variation, 
research, and improvement, specific rtigulations 
and instructions are not readily available. The 
general principles of sanitation aboard aircraft, 
however, are the same as those at fixed installa- 
tions. Supervision of sanitaiy facilities in aircraft 
should be a responsibility of the preventive 
medicine organization of the base where each 
aircraft is assigned. In the absence of a preven- 
tive medicine unit, these responsibilities should 
be assiimed by the Flight Surgeon. 

Water 

Fixed water systems are installed in many 
cargo and bombardment-type aircraft. In case 
these systems are used for drinking water, sev- 
eral precautions should be observed. 

1. Water for these systems should be procured 
only from approved sources; if there is any 
question concerning the safety of source, water 
should be treated with calcium hypochlorite be- 
fore delivery into the system. A residual chlorine 
concentration of 2.0 ppm should be present in 
water treated in this manner at the time of 
delivery. 

2. Equipment and techniques for transfer of 
water should be such as to prevent recontami- 
nation. Prior to use, transfer taiiks and equip- 
ment should be treated with concentrated 



calcium hypochlorite solution of at least lOG 

ppm residual chlorine. (One teaspoonful 70% 
h\q:iochlorite per gallon of water gives a chlo- 
rine solution of ample strength.) All parts of 
the transfer tank should be flushed with this 
concentrated solution, and rinsed witb clean, 
safe water. Nozzles and other exposed portions 
of the transfer system should be protected 
from handling and from contact with dirt or 
contaminated material. 

3. Water in fixed systems in aircraft, and in 
any transfer equipment, should be subjected to 
bacteriological examination at regular intervals, 
at least once weekly. On the finding of excessive 
total bactei ia counts, or the presence of EscheH- 
chia coll, the system should be treated with con- 
centrated hypochlorite solution (at least 100 
ppm residual chlorine) and fiien rinsed vidth 
safe water. 

In many other types of aircraft, the only water 
sources are portable insulated containers. In 
case these are used, they should be cleaned 
periodically with hot soapy water or with con- 
centrated hypochlorite solution. Only water from 
safe sources should be used. If untreated sources 
must be used, the water should be treated in 
the containers with 4 Tablets, Water Purification, 
Individual, Iodine, per gallon. Flight Surgeons 
should make certain that specimens of water 
from these containers are obtained at reasonable 
intervals for bacteriological examination. 

Waste Disposal 

Waste disposal facilities on smaller aircraft 
are limited to rehef tubes, which require little 
attention other than occasional flushing to avoid 
odor nuisances. 
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Many larger aircraft have pail-type latrine. 
A permanent ground detail should be mainfeiined 
to cleanse pails in these installations after ever\' 
flight. Contents should be emptied, and tlie pail 
scrubbed with soap and water. On replacement, 
the pail should contain about one inch of a 2% 
cresol solution, or T.O.-authorized equivalent. 

'Many large aircraft have flush-type latrines, 
same of which are installed in removable cubi- 
cles. Th^e installations preset no unusual 
problems other tiian maintenance of cleanliness 
in the fatality, and care in disposal of waste 
when die aiiciaft is on tbe gronndL 

Research is being conducted on s\ stems for 
drying, incineration, and other techniques for 
waste disposal. Operation of these units will be 
covered by appropriate technical orders (T.O. ). 

In all cases where latrine facilities are pres- 
ent on aircraft, the Flight Surgeon should make 
certain that hand-washing facilities are [Hresent 
and operative. 

Inflight Food Service Facilities 

Inflight rations and related equipment are 
discussed in a separate chapter. The Flight Sur- 
geon should make certain that equipment is kept 
clean, and that facilities for hand washing are 
present and operative whenever rations are to 
be consumed m flight Pexstms regularly con- 



cerned with preparation of open foods in flight 
should be given file same training and exam* 
inations as are food service pei^cHanel on the 

ground. 

Personal Equipment 

It is highly desirable tiiat estch individual have 

his own ox>'gen mask, earphones, microphone, 
and other equipment. When such equipment 
must be shared, it is imperative that it be 
cleansed before being issued to another indi- 
vidual. Failure to cleanse personal equipment 
before reissue may lead to spread of diseases of 
the skin and respiratory tract 

Oxygen masks should be cleansed with soap 
and water, and aired. Installed electrical equip- 
ment should, of course, be removed during 
washing. Microphones and earphones may be 
wiped with a cloth dampened with 1:1000 
Zephiran solution. Zephiran is available through 
medical supply channels. One teaspoonful of this 
stock solution to a pint of water gives a solution 
approximating 1:1000. 

Rubber pads used on earphones may be 
cleansed with a damp, soapy cloth, wiped with 
a dean damp clotib, and aired. 

Fabric materials coming in contact with the 
sldn should be laundered or dry cleaned before 
b^g issued to ancrther individual. 
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Personal Hygiene 



Personal health is of the greatest importance 
in any military situation, for it is obvious that 
a successful military mission can be accornpHshed 
only if the personnel remaiii healthy. Health of 
troops is the responsibility of the commander, 
but he requires advice and education from his 
Surgeon, Health cannot be maintained by efforts 
of the physician alone, but the Flight Surgeon 
is in a position to educate others, to encourage 
the development of proper hygienic practices, 
and to insure the provision, of equipment and 
materials whidi will permit the maintenance of 
proper standards of personal hygiene. 

Health Education 

Some of the individuals now entering the Air 
Force, and some already on duty, may be con- 
sidered vpell educated in the areas of personal 
hygiene. Many, however, have had little or no 
training, either formal or informal, in subjects 
of health and hygiene. It is the responsibility of 
the Flight Siurgeon to determine the deficiencies 
o£ his Command in this area, and to prepare 
a program of health education which is suited 
to the needs of the greatest number of people. 

Health education programs should not be 
limited to airmen. Many officers are deficient in 
their knowledge of health and hygiene, and are 
unaware of their responsibilities in this field. It 
is vital that officers be made aware of the pro- 
gram, so that their cooperation may be obtained 
when necessary. It is especially importatit that 
unit commanders be informed of health prob- 
lems in their organizations. 

Any health education program should be 
based in part on the hazards faced by the organ- 
ization. When a unit is transferred to a tropical 



base, for instance, the move must be accompa- 
nied by a program of education on the new 
diseases and health hazards which will be faced 
in the new area. This program may be based on 
the following: 

1. Lectures on appropriate subjects may often 
be included in the regular Air Force Infoimation 
Program in which regular meetings are sched- 
uled for discussion of current problems. When- 
ever possible, lectures should be illustrated with 
other training media, as available. No standard 
Hst of lecture topics is prescribed, since local 
requirements are not uniform, but a general 
program would include: 

a. General hygiene (care of skin, feet, teeth, 
personal equipment ) . 

b. Sanitation and waste disposal, with em- 
phasis on improvisation of equipment and 
procedures in the field; water discipline. 

C. Food hygiene and prevention of intestinal 
diseases. 

d. Prevention of respiratory diseases. 

e. Venereal diseases and control. 

f. Insect-borne diseases and control. 

g. Health hazards and hygiene in special 
areas: arctic, tropics, desert. 

Information for lectures may be secured from 
medical textbooks, from military publications, 
and from service schools. 

2. Training films: Many excellent training films 
are available through Air Force film depots. A 
list of suggested training films is given here- 
with for possible use in health education pro- 
grams. Before showing training films, the Flight 
Surgeon should preview the film, in order to 
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Tabfe 29-1. TraMns Rims of tnteresf in Pre¥Bnti¥B Metfitine 



The training flimsilsted lielow can usuaily be procured from the nearest Air Force Loeistics Command depot and are to be returned to the 
depot after the required sbowings. Training films not listed in the AF Film Directory may soniBtlmes be obtained from Army film libraries. 



Title 


Number 


Running Time 


Typhus in Naples* 


TF 17?fi-R 


12 mfnutss 


Plague Control* 




20 minutes 


Isolation Technique 


TF fi-T'i9ni 
I r o-iMv 


10 minutes 


Personal Hygiene 


TF R-TfiB*i 

1 r O IDDJ 


30 minutes 


Control of Louse- Borne Diseases 




16 minutes 


Sandfly Control* 


TF 1-8011 


ju rninuies 


Malaria, Pacific Enemy 




10 minutes 


Silent Battle* (Australian)(Malaria) 


Mr ft.indA 

Kir O lUHU 


43 minUTcS 


Malaria Discipline* 


TF 1-3343 




Schistosomiasis* 


PMF hCi71 


27 minutes 


Arthropod Borne Virus Encephalitides* 


PMF 


30 minutBS 


Dengue Fever* 


1 r i-ftODi 


8 minutes 


Clinical IVIalaria* 


TP 1 jcqi 


20 minutes 


Water Purification 


TF 5-2276 


7 niinut6s 


The Rat Problem* 


TF 1-8104 




Rat Ectoparasite Control* 


TF S-17fif^ 

1 r O 1/ \i^J 


30 minutes 


"Stowaway Series:" 






Disease & Personal Hygiene* 




17 minutBS 


Galley Sanitation* 


TF 1-4649 




Food Stor^e* 


TF 1 -dfi?in 
1 r i-*HKiij 


12 rriinutes 


Hospital Food Service Personnel 






Training Series 






1 Introdudioa 


TF 14704 


17 minMtA^ 
li IIIIIIUlt;b 


II The Individual 


TF 1-4705 


1 ^ m 1 n 1 1 f tie 


III Equipment 


TF 1-4706 


1 ^ m i n 1 1 f nc 


IV Food Serving 


TF 1 -4707 


1*^ tYiimi'f'ao 

ij MlinUIca 


Don't Be a Winter Casualty** 


TF 1 ^Afi'il 
1 r i-toji 


60 mifiutss 


Effects of Cold 


TF fion 
1 r O'lwu 


15 minutes 


Fight Against Cornmunicable Disease 


PF ^ 


20 itiinutBS 


Outbreak of Salmonella Infection* 




14 minutes 


Aircraft Quarantine* 




minutes 


Immunizatians 




12-14 minutes 


Viral Hepatitis* 


FG 8-6 


20 minutes 


Malaria Cause and Control* 


TF 8-953 


25 minutes 


Dengue Fever 


MN 3726-C 


8 minutes 


Moral and Medical Aspects of Venereal Disease Control 


TF 1-4980 


27 minutes 


Foods and Nutrition 


CF17 


14 minutes 


Hemolytic Streptococas Control 


MN 4393 


12 minutes 


Heat Disorders 


PMF 5167 




Driving Safety* 


MN 74S8B 




Sciiistosomiasis 


MISC 1265 


25 minutes 


Preventive Medicine in the USAF 


TF 1-8163 


17 minutes 



Although these films were prepared for the use of food service personnel in hospitals, they are recommended for training of all food service 
personnel. 



^Especially recommended. 
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be familiar with its content He should intro- 
duce the film, outlining important points to be 
remembered and then, at the close of the period, 
should emphasize those points again and show 
how they apply to the local situation. Many new 
films are currently in preparation, and Fli^t 
Surgeons should keep in touch with film depots 
to learn of new films as received. 

3. Film strips: Film strips are available on 
many subjects from film depots. Lectures must 
be planned in advance to accompany the film 
strips. 

4. Posters: Aa artist in an organization, with 
the help of medical personnel, can often pre- 
pare eye-catching posters on important hygienic 
practices. Posters should be vivid, simple, and 
frequently renewed. 

5. Printed bulletins or booklets: Bulletins acre 
often useful for disseminating information on 
new medical problems, but they are likely to be 
neglected unless they are part of a required 
reading plan. Small ilustrated booklets on spe- 
cific disease problems are more appealing, and 



ale often prepared by major Command Head- 
quarters, 

Medical Surveillance of Hygienic Practices 

By regular inspection of the environment, and 
familiarity with the medical problems of per- 
sons on sick call, the Medical Officer should be 
aware of the general standards for hygiene of a 
Command. Special vigilance is required in some 
areas of water discipline, waste disposal, food 
service hygiene and sanitation, housing, control 
of insect- and rodent-borne diseases, recreation, 
and occupational health hazards. 

Medical Surveillance of Equipment and Material 

The Medical Officer should be alert to the 
needs of his Command for clothing, personal 
equipment, dishwashing and laundry facilities, 
and other materials for maintenance of proper 
standards of hygiene. Where deficiencies exist, 
Medical Officers can often secure action by 
pointing out the medical implications of neglect. 
When equipment is unavailable, medical per- 
sonnel can often be of help in devising impro- 
vised substitutes. 
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Purpose 

The purpose of this section is to provide con- 
cepts to aid in evaluation of industrial medical 
and toxicological problems, whether on the 
ground or at altitude, as vpell as pertinent refer- 
ences to the literatine. Guiding principles and 
details of operation of AF Industrial Dispensa- 
ries may be found in the 160 Series of Air Force 
Regulations. 

GENERAL PRINCIPLES OF AVIATION 
AND INDUSTRIAL TOXICOLOGY 

The Industrial Air Force 

A major cause of the unprecedented upsurge 
of industry in this country, particularly chemical, 
electronic, and mechanical, has been the need 
to support our domestic needs as well as offen- 
sive and defensive war-making potential. With 
industrial development and diversification come 
the inevitable problems of controlling hazards 
to health. The Air Force is one of the largest 
single "customers" for the newest chemical and 
electronic agents and thus must share the re- 
sponsibility for protecting its personnel, as well 
as the public at large, from hazards arising 
from Air Force operations. 

Hazard Control by Team Effort 

The control of industrial toxieologieal or phys- 
ical hazards results from the combined efforts 
of a team of specially trained individuals, who 
are able to predict hazards to health on a rela- 
tively sound scientific basis, establish limits of 
tolerance (maximal exposure levels or maximal 
allowable concentrations), and control the expo- 
sure of employee and neighborhood populations 
within such limits by the most effective means. 



Such control usually involves installation of 
engineering control measures, with periodic tests 
of the atmospheric and biological concentration 
of the harmful substance and/or its metabohc 
products. 

Need for Medical Judgment in Hazard Confrol 

Because of the diversification of industrial 
operations at even the smallest Air Force facil- 
ities, it is essential that good Judgment be applied 
in deciding the nature of actual or potential 
hazards and die degree of medical or engineer- 
ing control necessary. Without such a critical 
approach we might find ourselves with the saf- 
est but poorest country in the world. It is impor- 
tant to realize that our aim is not primarily to 
see that no individual is in any way harmed by 
his environment, but rather to aid in the accom- 
phshment of the mission in the most efficient 
way with the least cost in manpower, materiel, 
and mdtiey, A very desirable by-product of such 
a program is better working conditions, health, 
morale, and productivity of the work force. 

The Flight Surgeon as a Toxicologist 

Whether he recognizes it or not, an aviation 

medical specialist is likely to be the person best 
qualified to study problems of industrial medi- 
cine at Air Force Bases. If the Flight Surgeon 
at an Air Force Base will study the toxico- 
logical problems which exist at his fingertips 
every day in the industrial areas or on the line, 
he will be in a far better position to evaluate 
toxicological problems in flight. In such situa- 
tions maximal allowable concentrations must 
be based upon levels of hazardous agents which 
wih not adversely affect high level performance. 
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Need for Caution in Diagnosing Industrbl Disease 

Before getting into some of the specific texi- 
cological problems existent in Air Force opera- 
tions at present, it is necessary to interject a 
word of caution concerning the diagnosis of 
occupational disease. The doctor who has had 
little or no experience in diagnosis of toxicologi- 
cal conditions wiU often njake unfounded and 
erroneous guesses as to the cause of a disease 
condition. It is wise to remember that there 
is much to lose and little to gain by "snap diag- 
nosis" ih such cases. There are many aids to 
diagnosis in toxicology, just as in other forms 
of clinical medicine and such aids should be 
utilized, along with consultation, where required, 
It's an accepted "fact" that every doctor is an 
expert in toxicology. Thus, while a doctor would 
hesitate to diagnose syringomyelia without the 
consultation of a speciahst in neurology, he may 
he willing to stake his professional reputation 
on a case of lead poisoning (although he has 
never seen such a case previously). Once the 
erroneous diagnosis has been entered on the 
medical record or told to the patient, the seed 
has been planted for an unfair compensation 
case and, quite often, a compensation neurosis. 
These considerations should illustrate the need 
for caution in diagnosing occupational disease. 

Criteria for Diagnosis of Industrial Disease 

In general, in order for a diagnosis of occu- 
pational disease to be made the following 
criteria must be met: 

1. The substance to which the individual is 
exposed must be capable of producing the 
disease. 

2. The time-dose relationship and the time 
between the exposure and the appearance of 
tile illness must be adequate. 

3. Other causes of the condition must be 
ruled out, if possible, in differential diagnosis. 

Availability of Consultation 

Just as it provides for special support in other 
medical specialties, the Air Force has made 
provision for consultation in Industrial Medicine 
and Sanitary and Industrial Hygiene Engineer- 
ing. It has located Air Force Environmental 
Health Laboratories, at McClellan AF Base, 
California, and Kelly AF Base, Texas, to provide 
specialized laboratory support to the USAF 
Occupational Health Program, Air Force-wide. 
This consultation and Environmental Health 
Laboratory service is provided by Headquarters, 
Air Force Logistics Command, under AFR 160- 
17 and 160-20, Headquarters AFLC also acts as 
a special advisor to the Air Force Surgeon Gen- 
eral's OflSce in evaluating potential hazards to 



health from new physical, chemical, or biolog- 
ical industrial agents, except where used as war- 
fare agents, The USAF Radiological Hazards 
Committee (AFR 160-124) is located at Head- 
quarters AFLC. 

The Concept of Maximum 
Allowable Concentrations 

The majority of industrial agents capable of 
producing hazards to healtl: fall into two gen- 
eral categories, chemical and physical. Sirice 
many of these agents are described in consid- 
erable detail in standard references (AFP 160- 
6-5) it would serve no useful purpose to attempt 
to consolidate several volumes into a check Hst. 
AFP 160-6-1 gives cmiTent maximum allowable 
concentrations (threshold limits). A few impor- 
tant pitfalls will be outlined. At the end of the 
chapter a short section contains progress notes on 
certain new agents of special importance to the 
Air Force mission. 

It is enticing to think that we can compare 
toxicity between agents on a quantitative basis 
with reference to their "maximal allowable con- 
centrations (MAC's)." A brief consideration of 
tlie basis for establishing the MAC in a few 
examples will demonstrate how prone to error 
such comparison would be. In the case of sol- 
vents, for example, if there is known to be 
chronic toxicity, the MAC is quite low — e. g., 
benzene 25 ppm, carbon tetrachloride 2S ppm. 
If, on the other hand, we have not found 
chronic toxicity in animal or man, the MAC is 
based upon acute effect, e. g., 200 ppm for 
trichloroethylene and 200 ppm for chlorobromo- 
methane, both based upon acute toxicity, i. e., 
narcosis. In both cases, adequate precautions 
must be taken to prevent overexposure and 
there is httle or no difference in the control 
ventilation needed. The reliance on the "safety" 
of a solvent simply on the basis of the compari- 
son of its MAC with that of another is thus 
likely to cause error. 

In order to apply MACTs intelligently one must 
detemnine the following type of information 
about the agent; 

1. Vapor pressure and density. 

2. Solubility. 

.3. Particle size. 

4. Means of absorption. 

5. Acute efiFects. 

6. Chronic effects. 

7. Metabolic and excretory mechanism. 
For example, silicosis may result from exces- 
sive, repetitious exposure to free silica of particle 
size between .02 and 10 microns (particles 
smaller than this are dissolved, apparently, and 
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those larger do not usually reach the alveoli). 
There is no silicosis among persons who live 
along the beach or in the desert where the sand 
is composed of pure free silica; the particle size 
is too large. 

In the case of lead sulfide, the miners of 
"galena" are not known to develop typical 
inorganic lead poisoning, or plumbism, because 
the lead sulfide is so extremely insoluble in the 
gastro-intestinal tract that it passes through 
without being absorbed. Free lead, lead oxide, 
or other soluble lead compounds are quite 
readily absorbed via the gastrointestinal tract, 
however, and produce recognizable chnical 
disease. 

Use of Special Laboratory Tests 

It is necessary to use considerable care in 
selection of laboratory tests to aid in implement- 
ing an occupational health program. There are 
still, for example, some individuals who continue 
to use stipple cell counts or copraporphyrin 
determinations alone as a means of detecting 
overexposure to lead. It is tme that such tests 
of altered physiology may be of some value if 
evaluated in the hght of other findings (atmos- 
pheric concentration of lead, urine and blood 
lead, etc.) but when used alone they may be 
worse than nothing in that negative results may 
give a false sense of security. In the case of 
inorganic lead, the most important periodic tests 
are the atmospheric concentration of lead and 
the urinary lead level. In cases where the urinary 
lead is elevated a blood lead should be taken. 

The urinary level is most sensitive to fluctua- 
tions in ambient air lead concentrations while 
the blood lead is far more reliable to indicate 
accumulation of toxic amounts of lead. The 
greatest care must be taken to prevent contam- 
ination of the specimens and "positive" labora- 
tory results should be repeated. AF Clinical 
Laboratories are unable to perform the neces- 
sary analyses, involving microtechniques and 
special equipment; thus all such specimens 
should be forwarded to an Environmental Health 
Laboratory for analysis. 

Evaluation of Results of Animal Experiments 

Animal experimentation is an essential part 
of the evaliiation of new agents of unknown 
toxicity. Usually it is necessary to use several 
species of animal because of the difference in 
susceptibility between species. Results of such 
experimentation cannot be applied directly to 
man without danger of serious error. New agents 
should be introduced into production under 
carefully controlled conditions. After accumula- 
tion of adequate data it may be safely con- 
cluded that esjiosure of workers to the specific 



compound in a definite range of concentrations 
for a significant period of time did, or did not, 
result in observable changesi 

Estimation of Toxicity from Chemical Formula 

The estimation of toxicity on the basis of 
chemical formula alone is unreliable and iU 

advised. Experience has demonstrated to us that 
compormds which should be exceedingly toxic 
on the basis of formula are not, whereas there 
are those which would be expected, on the 
same basis, to be relatively harmless which have 
caused serious symptoms. 

InteiTireteifion of the Literature 

Probably no other field of medicine possesses 
such a wide variation in quality of medical 
literature, Some of the finest scientific work has 
been done in the field of occupational medicine 
and yet at the same time one can find examples 
of the poorest. The specialist in Aviation Medi- 
cine should bear this in mind as he reviews 
the Hterature and not hesitate to request as- 
sistance (in the manner specified by regulations 
cited above) in the event his decision may be 
expected to have far reaching consequences. 

AIR FORCE OPERATIONS 
Relative importance of Ground Support 

It has been estimated that 80% of the Air 
Force's total effort is spent in ground support 
of ^borne activities. 

Typical Air Force Ground Operations 
and Exposure 

Air Force operations in which toxic agents 
have been found are Hsted in Table 30-1, A simi- 
lar table should be prepared by the Flight Sur- 
geon who has industrial medical responsibilities. 
The Fhght Surgeon and the sanitary and indus- 
tri£d hygiene engineer who are responsible for 
controlling health hazards found in Air Force 
operations should sun'ey the working environ- 
ment, studying any potentially hazardous situa- 
tions which they encounter. 

Technical Orders 

Technical orders usually outline safety and 
health aspects of procedures described. 

Valuable aids in the study of such operations 
are military specifications which often outline 
the constituents of solvents, rust inhibitors, oils, 
greases, gasoline and other fuels, j^ts, paint 
thinners, dope, carbon remover compounds, and 
hand cleansers. 

Survey Equipment 

Survey equipment used in studying atmos- 
pheric contamination is listed in ECL 906 "Kit- 
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Sanitary and Industrial Hygiene Engineer", 
dated 9 Dec 59, and SLOE 091, dated 11 Feb 
60. The equipment it contains will allow study 
of the work atmosphere for common gases and 
vapors, ionizing radiation and air movement. In 
addition there are sound and light meters and 
temperature and humidity instruments. 

Need for Care In Surveying and Caution in 
EvaluaHng Survey Results 

It is emphasized that this equipment is to be 
used only by trained personnel (either the sani- 
tary and industrial hygiene engineer or a flight 
surgeon with special training) if the results are 
to be valid and reliable. Sensitive instruinents 
in the hands of inexperienced personnel with 
inadequate professional training will confuse 
even the simplest occupational health program. 
Such confusion may lead to considerable loss 
in manhours from the fob. Corrective engineer- 
ing control measures may be inadequate or 
excessive. As mentioned above, extreme care 
must be used in the interptetation of all survey 
results whether atmospheric or biological. 

SPECIAL PROBLEMS IN 
AVIATION TOXICOLOGY 

iieflnitioii 

Aviation Toxicology concerns itself primarily 
with contamination of crew, passenger, and 
cargo compartments of fighter, bomber, and 
cargo type aircraft. 

Examples 

Atmospheric contamination at altitude may 
be caused by any substance which vaporizes at 
low atmospheric pressure or decomposes at 
high temperatures. Table 30-1 shows pertain 
sources of atmospheric contamination which are 
present in all aircraft in varying degrees. Air- 
craft fuels, lubricants, hydraulic fluids, coolants 
and fire extinguishants have been involved from 
time to time. In addition, fires may involve 
electrical components containing plastic insula- 
tion, selenium rectifiers, etc. These are covered 
in detail in other publications. 

A special problem is that of atmospheric con- 
tamination in the aircraft from use of 'TDleed 
air" from the compressor for pressurizing cock- 
pits and crew compartments of Air Force fighter 
and bomber aircraft. Gaseous and liquid 
oxygen contamination complaints have been 
investigated. Althougli results of investigation 
are not yet complete the vast majority of such 
complaints are based on a slight odor and have 
not been associated witii toxic hazards. 

Incidents and Fatal Aircraft Accidents 

Investigation of aircraft incidents (complaints, 



abnormal behavior, etc. ) and fatal aircraft acci- 
dents are described in other publications. 

QTHBt AIR FORCE TOXiCOLOGICAL PROBLEMS 

Propellants and Oxidizers 

Health hazards from propeUant fuels and 
oxidizers and safe handling procedures are 
outlined in various publications. Several prin- 
ciples, however, bear emphasis. (1) Adequate 
safety precautions based on the understanding 
of the hazardous properties of the materials to 
be handled is of primary and utmost impor- 
tance, (2) Self and first aid for exposure to 
the great majority of current rocket fuels, sim- 
ple in practice but requiring very prompt 
execution, can eliminate or vastly reduce sub- 
sequent necessary treatment which with few 
exceptions is non-specific and unsatisfactory in 
any case. (3) The FHght Surgeon needs to add 
little that is fundamentally new in the preven- 
tive, diagnostic and therapeutic aspects of the 
care of rocket fuels handlers beyond what he 
would use in the event of a mass casualty in- 
volving treatment of physical and chemical 
bums. 

High Energy Fuels 

High Energy Fuels are synthetic chemical 
fuels with heating values well above those of 
the petroleum base fuels. The usual aviation fuel 
has a heating value of about 18,000 to 19,000 
BTU per pound. Compounds of the lighter 
weight elements have higher heats of combus- 
tion than the hydrocarbon fuels. On the basis of 
energy content alone, hydrogen would be the 
ultimate fuel. Next would come the metals of 
high intrinsic heating value. These are beryllium 
(29,000 BTU per pound), boron (26,000 BTU 
per pound) and carbon (13,000 BTU per 
pound). 

The ideal fuel would be composed of an 
element having a high intrinsic heating value 
and possessing high hydrogen holding capabil- 
ities in relation to its own weight. The result 
would be high energy content per unit weight 
and per unit volume. In addition, however, the 
product must be capable of being handled in 
a safe and relatively easy manner and it should 
be readily available at low cost in mass produc- 
tion. For a number of reasons, the boron hydrides 
appear to come closest to being the ideal high 
energy fuels and during the past ten years these 
compounds have been extensively studied. There 
are seven boron hydrides ranging from diborane 
(B2He) to decaborane (B10H14). The toxi- 
cology of diborane, pentaborane and depaborane 
have been described in the Uterature. 
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Radar 

Radar generators, which may in certain cases 
have associated health hazards from ionizing 
and/or microwave radiation, are covered in other 
publications. 

GENERAL PRINCIPLES OF THERAPY 

Safety manuals on emergency treatment of 
occupational overexposure usually advise imme- 
diate removal from exposure, self or first aid, 
and calling a physician. As noted under the sec- 
tion on rocket propellants and oxidizers, therapy 
of massive overexposure to toxic chemicals is 
unsatisfactory at best. 

It is most important for the responsible phy- 
sician to get the most precise, quantitative 
information possible on ibe time, degree, and 
duration exposure. Such information should be 
made a permanent part of the medical record. 

Care shoaH be taken not to discharge a 
patient on the basis of "no abnormal findings" 



if he has been exposed to a pulmonary irritant. 
Pulmonary edema may occur up to 48 hours 
after exposure. Physical exertion often precipi- 
tates such attacks. Latent periods are also de- 
scribed prior to onset of convulsions from 
tetraethyl lead and decaborane. It is always 
safest to place ibe individual on strict bed rest 
(in the hospital) with close medical and nursing 
supervision for a 24-48 hour period or longer. 
Some deaths from tetraethyl lead have occurred 
from self injury — e.g., jumping out of the win- 
dow; thus constant observation is necessary in 
such cases. 

The treatment of chemical warfare casualties 
is outlined elsewhere. Unfortunately, there are 
differences of opinion as to the methods of pre- 
venting and treating pulmonary edema. Con- 
troversial therapeutic aids such as pressure 
breathing apparatus (blow and suck) and vene- 
section are discussed elsewhere. Other refer- 
ences to the entire field of Occupational Health 
are also listed. 



Table 30-!. Control of Principal Toxic Agents Found in Air Force Operations 




Control Measures 



General exhajst or good natural 

ventilation 
Local exhaust ventilation for cleaning 

inside of planes 
Protective hard creams 
Strict personal hygiene 
Good housekeeping 
Covered solvent containers 
Protective clothing 



Local exhaust ventilation 
Protective hand creanns 
Protective clothing such as gloves, 
aprons, and boots 



General or local exhaust ventilation 
Personal protective clothing 
Isolation of process 



General and local exhaust ventilation 
Personal protective clothing 
Good iiouselteeping 



Local exhaust ventilation 
Covered solvent containers 
Protective hand creams 



Adequate ventilation 
both general and 
local, which may in- 
clude booths, respirators, 
proper handling and 
disfffisal of fluorescent 
ligfrtjlig tubes. 
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Table 30-1. Controt of Principal Toric Agents Found in Air Force Operations— Continueil 




Toxic Aeent 



Sodium cyanide 

Cadnnium oxide 

Oxides of nitrogen 

Hydrofluoric acid 

Otiier ciiemicais wliicli may be 
used are lead carbonate, copper 
sulfate, nickel sulfate, nickel 
chloride, phosphoric acid, acetic 
acid, caustic soda, chromic acid 




Centrol Measures 



Effects of hydrogen 
Edema of lungs 
Plumbtsm 
Conjunctivitis 
! ulcers 



Carbon monoxide 
Solvent dry cleaning 
Spec. PS-661a 
Noise 

Oils, greases 
Gasoline, jet fuel 



Dermatitis 
Anoxemia 

Temporary partial tii 

losses 
Pulmonary irritatioii 



Solvent dry cleaning 
Spec. PS-661a 
Caustic cleaners renjoving 
(creosols and orthobenzene) 





Local exhaust ventilation (horizontal 

slot type preferable) 
General exhaust ventilation 
Isolation of process 
Protective cream 
Separate rooms and ventilation 

systems for acid solutions and cyanide 

solutions 
Personal protective clothing 



InMHiary irritation 
" [Cf CNS, kidney and 
' imafie 



Solvent dry cleaning 
Spec. PS-661a 
Oils, greases 
Other volatile solvents 



Fire extinguishants C. B. C0« 
Carbon Tetrachloride, heat, 
thermal decomposition, products 
of the extinguishants. 



Silica 

Carbon monoxide 
Metal fumes 
Excessive heat 



Solvents, gasoline, jet fuel, 
methyethylketone, ethylene 
dichloride, petfon naphtha. 




Positive pressure ventilation of control 

room 

Local exiiaust of oil return system 
Protective hand creams 
Protective ear plugs 
Proper design and location of block 
test buildings 

Local exhaust ventilation 
Good natural ventilation 
Strict personal hygiene 
Protective creams 
Protective clothing 

Good general or local exhaust 

ventilation 
Strict personal hygiene, protective 

clothing, protective creams 

Proper training, ventilation of filling 
booths, use of respirators and masks. 



IIICOSIS 

Aneoxmia 
Heat exhaustion 
(rietal fume lever 



General and local exhaust ventilation 
Approved type dust respirators 
Good housekeeping 
Use of nonsilica parting compound 



Dermatitis, narcotic effects, 
eye irritation, livN'and 
kidmnr dam^, aq ^ 
anesihetlc €inetis. 



Thorough indoctrination in precautionary 
measures. Use of protective equipment 
{hand creams, respirators, local 
exhaust ventilation). 



Sodium cyanide 
Carbon monoxide 



Dermatitis 
, Effects of hydrogen tgranidi 
f Anoxemia 



Solvent dry cleaning 
Spec. PS-661a 
Hydraulic fluids 



Dermatitis 



if 



General and local exhaust ventilation 

(individual exhaust pipe for cyanide) 
Strict personal hygiene 



Good general or local exhaust 

ventilation 
Protective hand creams 
Protective clothing 



Hydraulic and 
PoHdnMic 

Shops 



4 



Solvents, alcohol 
hydraulic fluid. 



Dermatitis, aplastic anemia, 
atrophy of optic nerve, 
liver and kidney damaga j 



Careful indoctrination of personnel; 
hand creams, respirators, 
adequate ventilation. 



.Insect and 
iRodent Control 




Various economic poisons (Insect- 
icides and rodenticides). Solvents,; 
kerosene. 



Skin irritants, dermatitis, 
systemic poisoning iLiver 
necrosis, Nephritis, con- 
vulsions, tremors from 
spinal cord and brain 
damage.) 



Skin protected by protective clothing. 
Safety goggles (chemical), 
respirators. 



Solvent dry cleaning 
Spec. PS-661a 
Naphtha 

Small quantities of miscellaneous 
organic solvents 




Local exhaust ventilation for solvent 

spray booth 
Good general ventilation 
Covered solvent containers 
Protective hand creams 
Protective clothing 
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Table 30-1. Control of Principal Toxic Agents Found in Air Force Operations— Continued 



ess Where Found 



let Engine 
Test Stand 



Toxic Agent 



Health Hazards 



Control Measures 



Excessive noise exposure. 



Loss of hearing, damage to 
the cochlea, damage to \ ' 




Alpha and beta particles 
Gamma rays 
Radon gas 
Organic solvents 



Cutting oils and greases 
Misc. dusts 



Solvent dry cleaning 

Spec. PS-661a 

Trichloroethylene 

Small quantities of miscellaneous 

organic solvents 
Caustic cleaning materials 
Oils and greases 




Dermatitis 
Mucous membrane 
.irritation 
'MS, Kver and Iddn 



Ear plugs, straight-away helmets, 
Models 372-8 and 372-9 - Both 
helmets and plugs ate recommended 
where the exposure is high and over 
a long period of time. 



Strict compliance with TB Med 232, 
"Radioactive Luminous Compounds 
Protective Measures" 



Strict personal hygiene 
Protective creams 
Local exhaust ventilation of dusty 
processes 

lm\ and general exhaust ventilation 
Protective hand creams 
Personal hygiene 
Personal protective clothing and 
equipment 



Paint & Dope 
(brush and spray 
painting) 



pra} 

m 



Paint thinner & dope containing 
misc. organic compounds, such 
as benzol, toluene, acetone, amyl 
acetate 

Ethyl or butyl sicotol 

Butyl acetate 

VM and P naphtha 

Turpentine 

Lead 



Dermatitis 

Po^ible piumbism 
.Mood changes and 
Hknnms symptoms j 



Exhaust ventilated paint spray booth 
Supply air respirator 
Chemical cartridge respirator 
Protective hand cream 
Isolation of process 

Closed solvent containers and separate 
storage of bulk paint and solvents 



Parachute, 
, Lwtter. Rubber and 


Solvents, caustic cleaners, naphtha, 
methylethylketone, ethylene 
dichlorlde. 


Dermatitis, narcotic effects, 
. acute anesthetic elfects, 
MBfae irritations m 


Same as "Fuel System Repair". 




Small ijuantilies ethylene 
dichlorlde 




General exhaust er good natural 

ventilation 
Covered solvent oontaiflers 




Gasoline, J. P. fuels, Methanol. 



Dermatitis, Piumbism, eye 
irritations, optic atrophy, ] 
sthetic ( ■' 



Pre 

Aircraft 
Washings 



Moisture, cold, 
kerosene and detergents. 





itis, nos^ 
irritaC 



Propeller 




Solvent dry cleaning 
Spec. PS-661a 

Small amounts of oils, greases 

and trichloroethylene 
Paint remover 



Dermatitis 
Possible narcotic effi 
and renal damage 



Lead 

Compound carbon remover 
Caustic cleaning solution 
Solder and solder fluxes 
Greases and oils 
Solvent dry cleaning 



Dermatitis 
Piumbism 

CNS, liver and ludney 




Orientation of personnel in prescribed 
precautions, use of protective 
equipment such as chemical safety 
goggles, full tace shield. Respirators 
may be required in high concentra- 
tion. Protective clothing, deluge type 
shower — bubble type, eye 
washings, blankets. 



Using ample protective clothirtg. 
Protective skin creams, respirators. 



Good general and local exhaust 

ventilation 
Protective hand creams 
Protective clothing 



Local exhaust ventilation 
General ventilation 
Protective hand cream 
Protective clothing and equipment. 



Carbon tetrachloride 
Carbon dioxide 
Chlorobromomethane 



Dermatitis 

Narcotic effect 



Local exhaust ventilated booth 
Good general ventilation 
Personal protective clothing and 
equipment 



AF MANUAl 161-1 



30-7 



Table 30-1. Conlrol of Principal Toxic Agtnis Found In Air Force Oparalions— Continued 



Jiftseu Where Found 


Toxic Agent 


Health Hazards 


Control Measures 


^^^^Kr Tank ^ 


TolLene 

Ethylene dichloride 

Small quantities of other 
materials, such as ethy! acetate, 
ethyl alcohol, methyl ethyl 
ketone, benzol, petroleuin 
aaptrtha 




J General and focal exhaust veiititsttion 
Protective hand creams 
Personaf protective clothing and 

1 equipment. 




Dust produced by pure silica 
sand organic abrasives, and 
steel shot 


letffia^iBCiWiHBis (the 
Hk higher the free silica 
^Kcontent of the dust, the 
^■u^ter its haTard) ^- • ■-- 

Hi 4H 


Proper maintenance of safldblast 

cabinets and equipment 
U. S. Bureau of Mines approved 

respiratory protective devices 

(supplied air helmets) 
Use of non-silicious abrasives when 

possible 


Sevace Disposal 


Methane, chlorine, H=S and 
Infections of skin and G. 1. tract. 


^HHntions, Lung 

^H^^tions, dermatitis, 

conjunctivitis and 
anemia. 


Training — tJse of respirators or gas 
masks and immunization. 


Slieet Metal 
Shops 


Dehciency of illumination, 
noise, eye strain, liearing loss. 
Source — mechanical injury. 


Dermatitis, Injury 




Properly designed wofk room, 
protective clothing, frecjuent 
washings, ear defenders. 


Spark Hug 
CItaniiii 


Pure silica sand 
Solvent dry cleaning 
Spec, PS-661a 
Trichloroethylene 


■■rniatibs 

' Silicosis 
Narcotic effect 
CMS and renal damage 


Local exhaust and general ventilation 
Protective hand creams 
Personal protective clothing and 
equipment 



Vapor 



Trichloroethylene 
Perchloroethylene 




Narcotic effect 
CNS, liver and kidne 
damage 



Chlorine gas, lime, soda ash, 
fluorides. 




Proper operation of vapor degreasers 
Locate degreasers away from drafts 
Keep degreasers covered when not 
in use 

Local exhaust ventilation when other 

corrective measures fail 
Supply air respirators and personal 

protective clothing when cleaning 



jt, e^e irritations, 
rffurosis, caustic 
effects on skin. 



Use of respirators, gas masks and good 
personal hygiene. 



Radiant energy 

Metal oxides including lead, 

iron, cadmium 
Gaseous decomposition products 

of red coatings 
Other toxic substances in small 

quantities, such as oxides of 

nitrogen, fluorides, and carbon 

monoxide 



Dermatitis 
Flash burns of eyes 
Meta! fume fever 
Heat exhaustion 
Edema of lungs 
Anoxemia 



Protective helmet, shield, gloves, 
and apron (electric weld) 

Isolation of process 

General ventilation 

Local exhaust ventilation (always 
when producing cadmium or lead 
fumes) 

Portable or permanent black shield 
to protect adjacent workers 



WoodnrUiii 
Ships 



X-ray ami 

ItaiiiDg 

RadiatiH 



Wood, dust, glue, mechanical 
injury (Dermatitis allergic 
reactions) 



Poor illumination and safety 
devices. Toxemia from 
Phenolic resins and 
paint solvents. 



Ionizing 
Radiation 



Good ventilation and adequate 
lighting. Little or no contact with 
the skin. By using gloves, aprons 
and respirators, and adequate 
hand vrashing facilities. 



Acute and chronic radiati 
sckness. Beta burns, 
adverse effect on the 
bones, lungs and blood, 
gonads, skin and mucus 
membranes. 

a. Skin-Brittleness and ^ 
ridging of the nails, b. -Mt 
Hands — Increased ~ 
susceptibility to chafing, 
e. Blunting or leveling of 
the finger ridges, d. Dryness 
and epilation, e. Changes 
in nail fold capillaries in 
the way of disordered 



Control of time of exposure; 
provision of shielding, respirators, 
etc. Use of distance to maintain 
total radiation dose below the 
permissible levels. 
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Control of 



Arthropods and Rodents 
. of Mecffccff /mporfance 



Responsibility 

The responsibility for arthropod and rodent 
control is divided between the Medical Services 
and the Installation Engineer Officer. AFR 90-2 
and AFR 160-60 define these responsibilities. In 
general, the Installations Engineer Officer is 
charged with the actual control measures, while 
the Director of Base Medical Services responsi- 
bility is primarily advisory. 

A brief resume of the part played by the 
Medical Service in Arthropod and Rodent Con- 
trol includes the following: 

1. Surveys to determine the presence of dis- 
ease vectors and pests, and thus the need for 
control. 

2. Recommend the appropriate control meas- 
ures for preservation of health and welfare. 

3. Furnish advice on control measures and 
chemicals to be used. 

4. Monitor and advise on protection of per- 
sonnel involved in control activities. 

5. Assist in instruction of personnel regarding 
personal protective measures. 

6. Assist in the identification of arthropods 
and rodents. 

7. Determine the adequacy of the control 
program. 

Surveys 

In order to determine the need for arthropod 
and rodent control, the size and characteristics 
of the problem must be ascertained. This infor- 
mation may be gained only by a well-planned 
survey, carried out by trained personnel. Such 
surveys should be started before the time when 
past records indicate outbreaks may be ex- 
pected. 



Surveys should be continued at regular inter- 
vals during the warm months, or throughout 
the year under tropical conditions. 

idenfificatldn 

In order to achieve adequate control of arthro- 
pods, the identity and bionomics of the species 
must be Icnovm. The identffication of insects re- 
quires specially trained personnel, and cannot 
be made at the average USAF hospital. Speci- 
mens to be identified will be sent to tibie tTSAF 
Epidemiological Laboratory, Lackland AF 
Base, Texas, or to the nearest Army Area Med- 
ical Laboratory, listed in AFR 160-62. The lab- 
oratory should be asked for shipping instruc- 
tions before specimens are sent. Most types of 
specimens can be shipped safely in 70% alco- 
hol, in vials. Some insects such as adult ffies 
and mosquitoes may be packed in a piU box 
with a layer of tissue paper above and below 
the specimens. (Cotton should never be used 
for this purpose ) . The laboratory wiU give bio- 
nomics if asked. 

Confrot 

The two general types of arthropod and 
rodent control measures employed in the Air 
Force are physical and chemical. 

1. Physical control measiu-es are often more 
expensive initially, involve more personnel and 
require more planning. Physical measures are 
aimed at removal or denial of breeding areas, 
harborage and food. They are more eflfective 
than chemical controls, and are less costly in 
the long run. 

2. Chemical control measures are temporary 
in nature, and although they can be carried out 
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quickly by a minimum of personnel, they are 
less effective than permanent physical control 
methods, are more expensive over a long period 
of time. Chemical measures ase usually easier 
to carry out while the insects are in one of the 
young stages. Many arthropod eggs are laid in 
batches in small areas and the young are thus 
concentrated. Such concentration makes it easier 
and cheaper to kill large numbers of arthropod 
with less insecticide and labor than if the adults 
are attacked later. Some;, however, are not ac- 
cessible until they are full grown, and must be 
controlled by direct attack of the adults. 

General 

1. In order to avoid classification problems, 
ticks, mites, and some venomous arthropods are 
included under the term "insects"; although they 
are not true insects at all. 

2. The insects may be divided into two gen- 
eral groups; beneficial and harmful. 

a. The beneficial insects include scavengers 
which rid us of organic waste material; the par- 
asites and predators which help in the fight 
against harmful insects; and the pollinators. 
These groups are so important economically 
that great care must be taken to avoid their 
destruction in any large control operations. 

b. The harmful insects fall into three 
groups: economic, pest, and medical. 

(1) Economically harmful insects include 
those which destroy crops, forests, food and 
clothing, and which affect the health of cattle 
and pets. The control of these insects is of im- 
portance on a military base only in rare cases, 
such work usually l.ieing the responsibility of 
federal and local departments of agriculture. 

(2) Many pest insects have no particular 
economic or health importanee to man, but are 
a great nuisance, and may affect morale. 

(3) There are many insects involved in 
the transmission of diseases to man, mosquitoes 
being the most widely known group. Of 126 
diseases communicable to man, 61 are entirely 
or partially insect-bome. 

DISEASE VECTOR CONTROL 

Mosquitoes 

Diseases and Vectors: 
Malaria — Anopheles quadrimacuhtus and 
others. 

Yellow fever — Aedes aegypti, Haemogogus 
spp. 

Dengue fever ~ Aedes aegypti. 
Encephalitides — Culex and Aedes spp. 
FUariasis — Culex, Aedes, Mansonia and 
Anopheles spp. 
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Musca domestica 




Chrysops discalis 



L 




Tsetse fly 



Figure 3t-2. Flies 



Breediiig: 

Eggs laid in or near water; the larvae ("wig- 
glers") and pupae (tumblers) are aquatic; may 
be found in ponds, puddles, streams, marshes, 
tree-holes, cow hoof-holes and artificial con- 
tainers siich as tin cans, did tire casings, flower 
vases and gutters. 

Control: 

Physical: Draining of water; filling ponds 
and other breeding areas with dirt; removal of 
artificial breeding areas; ditching of swamp and 
marsh areas; screening of buildings. 

Chemical 

Adults: 

Indoors: Space spray with aerosols, or alle- 
thrin. Residual spray with 5% DDT is of small/ 
value. 2.5 to 5% malathion (deodorized) is 
effective as a residue. 

Outdoors: Space spray with 1% lindane or 
10% BHC at 1 gal./aere. Fogging and spraying 
of worthless vegetation with emulsion or solu- 
tion of 10% DDT or 5% chlordane. 

Larvm'. 

Dust: 20% DDT at rate of 0.05 to 0.4 lbs/ 

acre. 

Spray: 0.625% DDT or malathion at 0.05 
to 0.2 lbs/acre at mist, where damage to fish 
must be avoided. 

10% DDT at rates as high as 1 to 5 gal/ acre 
if fisli are not involved. 

0,05 to 2.5% BHC at 0.5 to 3 gal/acre. 2 to 
5% chlordane at 2 to 3 gal/acre, if damage to 
fish is not important 

Personal Protection: 

Use of repellants; head nets and protective 
clothing. 

Flies 

Diseases and Veciors: 

Typlioid fever — Musca domestica (house- 
fly) and others. 

Cholera — M, domestica and others. 

Dysenteries and diarrheas — M. domestica 
and others. 

Tularemia — Chrysops discalis (deer fly). 

Leishmaniasis — Phlebotomus spp. (sand 
fly). 

Trypanosomiasis — Tsetse fly. 
Fly-borne diseases may be transmitted by me- 
chanical means, as are the intestinal diseases and 
tularemia. Others are transmitted only after 
completion of part of their life cycle in the fly, 
as is trypanosomiasis. 
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Xenopsylla cheopsis 




Nosopsyllus faciatus 




Figure 31-3. Fleas 



Breeding: 

House flies and other "filth-flies"; in ma- 
nure, garbage, spillage and other or^nic mate- 
rial. Other flies: varied; the deer fly breeds in the 
edge of streams; the true sandflies in cracks and 
crevices, and in rock wahs, The breeding habits 
of flies are so varied that the life history of the 
individual species must be known for permanent 
control. 

Control: 

Physical: Removal of manure piles and gar- 
bage; use of the sanitary fill for garbage dis- 
posal; proper handhng of garbage; proper sew- 
age disposal; and screening of buUdings. 

Chemical 

Indoors: 5% DDT emidsion is of some value 
as a residual spray. 

0.5% lindane at 1 gal/750 sq. ft. gives very 
good control for about 1 vi'eek. 

Space spray indoors with pyrethtuin, 0.15% 
allethrin or aerosol bombs gives good short-time 
kill. 

Outdoors: 5% malathion in a sugar or syrup 
spray is very effective on exterior surfaces and 
around garbage racks and cans. 1 to 5% malath- 
ion or diazinon in sugar as a dry bait. Diazinon, 
100 mg/100 sq. ft, on manure to control breeding. 

Fleas 

Diseases and Vectors: 

Bubonic plague — Xenopsylla cheopsis (In- 
dian rat flea ) and others. 

Mm-ine (endemic) typhiis — Xenopsylla 
cheopsis. 

Sylvatic plague — Many spp. from wild 
rodents. 

Breeding: 

Eggs are laid in the nest or bed of the host, 
or in the host's fur or fcatliers. Tn the latter 
case they usually fall to the ground or to the 
nest. The larvae are very active, crawling 
around the nest or bedding material, or on rugs, 
on the floor, or on the ground. 

Control: 

On Host Animals: Dust dogs with 1% mala- 
thion, 1% rotenone or commercial flea powder. 
Use 1% rotenone, 1% pyrethruni or commercial 
cat-dusting powder for cats. 

Commercial flea soaps are generalh' effecti\'e. 

Bedding and resting places of domestic pets 
should always be treated when the pets are 
treated. 
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Pediculus humanus 




Fhthinus pubis 
Fiiiure 31 '4. Lice 



Area Control: 1% malathion or 5% clilor- 
dane dust for grass, furniture, theater floors, and 
rugs. Dust and fleas can then be removed from 
indoor areas by use of a vacuum cleaner, 

Plague-Rat Control: Always apply insecti- 
cide in rat runways before starting rat control 
program, to prevent fleas from leaving dying 
rats, and possibly carrying disease to man. 2% 
malathion emulsion as spray, or 5-10% chlordane 
dust, are effective. 

Lice 

Diseases and Vectors: 

Epidemic typhus fever — Pediculus hu- 
mmus. 

Relapsing fever — Pediculus luimaniis. 
Dermatitis — Phihirius pubisXcxah louse) 
and Pediculus humanus. 

Breeding: 

Body louse: This subspecies of Pediculus 
humanus breeds, lives and lays eggs primarily 
in the seatns Of the clothing. 

Head louse: This subspecies mainly inhabits 
the head hair and head gear, the eggs, or nits, 
being laid on the hair. 

Crab louse: Found primarily in public re- 
gion, but may spread to hair of chest and axilla, 
and even to the head. Occasionally found on 
toilet seats or bedding. Tliis species seldom 
goes to the clothing, but remains attached to the 
body hair. 

Control: 

10% DDT dusting powder applied to affect- 
ed body parts and to clothing; disinsectization 
or fumigation of clothing; 19? lindane replaces 
DDT in Korea. Personal hygiene, including fre- 
quent baths and changes of clothing, is the 
primary defense against lice. 

Crab lice may be controlled by the use of 
aerosol bombs held at least two feet from the 
body, or by the use of 10% DDT dusting pow- 
der. The body is not washed for at least 8 hours 
after dusting, and the treatment must be re- 
peated in one week to kill lice which have 
hatched since the first treatment. In large out- 
breaks toilet seats should be sprayed with 5% 
DDT in a water base. (Kerosene or oil solutions 
will cause crystallization of plastic seats, which 
are then easily broken. ) 

Head hce may be controlled with 10% DDT 
dust or 25% benzyl benzoate. 

Ticks {Not Insects > 

Diseases and Vectors: 

Tularemia — Dermacentor andersoni, D. 
variabilis, Amhlyomma americanum, otiiers. 
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Dermacentor variabilis 
Figure 31-5. Tick 




Allodermanysms sanguineus. 
Figure 31-6. Mite 



Relapsing fever — Ornithodorus spp; others. 

Encephalitides — Dermacentor spp. and 
Ixodes spp. 

Rocky Mountain spotted fever — Derma- 
centor andersoni, D. variabilis, Amblyoma 
americanum; others. 

"Q" fever — Dermacentor andersoni, D. 
occidentalis, Haemaphysalis humerosa, 
others. 

Tick paralysis — Dermacentor andersoni, D. 
Variabilis. 

Breeding: 

Ticks are ectoparasites, feeding on various 
animal.s. After each feeding they drop off and 
molt, then await a new host. Some species feed 
only once a year, and require a different kind 
of animal host for each feeding. The species 
which attack man are usually found in grassy 
or wooded areas. These species climb up the 
outside of the clothing and usually attach on the 
back of the neck. 

Control: 

Personal: Personal body inspection, incKid- 
ing careful combing of the hair and removing of 
all ticks; use of protective clothing; and impreg- 
nation of clothing with repellent M-1960. 

Animal: Dips of lf:'c malathion dust on dogs, 
area elimination of host animals, such as rats, 
groimd s(|uirrels, woodchucks arid rabbits. (One 
good dip contains piperonyl butoxide and 
pyrethrins ) . 

Area: Burning of seriously infested grassy or 
wood areas; dusting with BHC, malathion or 
lindane at 0.5 to 2 pounds per acre; chlordane 
as a D^i dust or 2% spray applied in a four foot 
swath along each side of walks, paths and road- 
sides will give good protection. 

Buildings: Infestations in buildings can be 
controlled by the careful use of 1% lindane, 
applied as spot treatment to cracks and crevices. 

Mites C Httt Insects ) 

Diseases and Vectors: 

Scrub typhus — Trombictda akamushi, T. 
deliensis. 

Rickettsial pox — Allodermanysstis sangui- 
neus. 

Endemic (murine) typhus fever — Bdel- 

lonyssus bacoti. 

Scabies (7-year itch) — Sarcoptes scahei. 
(Mites are also important pests of man, i. e., 
"chiggers" or "redbugs", and \'arious species of 
bird mites and rat mites \\'hich occasionally 
swarm in houses. ) 
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Blatta orientalis 



Breeding: 

The mites of medical importance to man are 
parasitic in at least one stage of their develop- 
ment. In general, they are found either on a host 
animal or in grass or other vegetation. Control 
is thus dependent upon the species involved. 
The mites which carry endemic typhus are found 
on rats or in the rats' habitat. The mites which 
serve as vectors of most other diseases are 
usually found on grass or on organic matter 
such as leaves, mold and dead logs. 

Control: 

Personal: Benzyl benzoate is one of the best 
mite toxicants available, and is present in lie 
stock clothing repellent. It is very effective when 
used as a clothing repellent, but is of no value 
against mosquitoes or biting flies. 

Area and Buildings: 0.5% Lindane or BHC 
emulsions, at 10 to 20 gal. per acre, or 1% 
chlordane emulsion at the same rate, for area 
control. Lindane, malathion or cMordane irtay 
be used the same way for control of plant or bird 
mites swarming on buildings. 



PEST INSECT CONTROL 
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Blattella germanica 
Figure 31-7. Cockroaches 



The pest insects include those whicli do not 
carry disease. Many insect groups contain both 
disease-carrying and pest members. Such groups 
have already been covered in preceding sections 
if they are of importance as disease vectors. 

Cockroaches 

Breeding: 

Cockroaches {Feriplamta americana, Blat- 
tella germanica, Blatta orientalis, and others) 
live in cracks and crevices in walls, cupboards, 
and around water pipes. Some species carry the 
egg sacs until hatching occurs while others glue 
the egg sacs to the underside of drawers and 
shelves. Roaches can travel easily within build- 
ings, even those which are partitioned off into 
sections, and ate often spread to new areas with 
groceries and other packages. 

Control: 

Physical: Proper, tight construction of new 
buildings coupled with scrupulous cleanliness 
can virtually eliminate cockroaches. 

Old buildings can be made somewhat "cock- 
roach-proof" by sealing cracks, crevices and pipe 
holes with putty, woodfiller, plaster, or concrete. 

Chemical: Insecticides for cockroach control 
should be applied as "spot-treatment", placing 
small amounts in cracks, comers, under cup- 
board drawers, behind refrigerators and in other 
hiding places. 
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Cimex lectularis 



Figure 31-8. Bedbuf 



Top view 




Black Widow (female) 

Ffgurs31-9. Spider 



Spray 2 to 2.5%. chlordane or 0.5 to 1.0% lin- 
dane, as emulsions; 1% deodorized malathion in 
water for cHordane-resistanl species, particu- 
larly the German cockroach; 0,5% dieldrin is 
effective against most species. Treatment should 
be repeated as soon as additional roaches ap- 
pear, usually in 4 to 6 weeks. Lindane and 
dieldrin should not be used in dining halls or 
inhabited areas. 

Note; Overspraying, either with too strong an 
insecticide or too often, has repeatedly produced 
resistant cockroaches. 

Bedbugs 

Breeding : 

Bedbugs (Cimex lectularis) breed in cracks 
and crevices in walls, in beds, and in the spaces 
along the rolled edges of mattresses. They are 
frequently picked up on trains and buses, and 
in theaters and hotels. Bedbugs bite at night, 
and then retire to their hiding places. Often, 
the Only sign of their visit is the presence of 
bites, or of tiny blood spots on the bedding. 

Control: 

5% DDT in colorless, odorless kerosene, 
sprayed on mattresses and beds, and in cracks 
and crevices on base boards, floors, and walls. 
All rooms in the building should be sprayed 
unless the building is too large to make this 
practical; in this case, rooms in and near the 
infested area should be sprayed. 1% malathion 
may be used if DDT proves ineffective. 0.5% 
lindane will give control if other chemicals fail, 
but should not be used on mattresses. 

VENOMOUS ARTHROPOD CONTROL 

Venomous arthropods are of importance be- 
cause of their bite or sting, which may produce 
local symptoms or even death. 

Black Widow Spiders — (Latrodectus macfans) 

The black widow is the only spider in the 
United States whose bite is poisonous to man. 
Deaths occur mainly in males, who are bitten 
in the genital region, while using outdoor 
privies. Danger is also great among infants and 
the very aged. 

Breeding: 

Black widows breed in lumber piles, stumps, 
trash piles, imdersides of privy seats, cracks and 
crevices in and under houses, and under old 
lumber, roofing material, cans and other pieces 
of trash on the ground, 

Control: 

Physical; The b^t control is through the 
cleaning-up of breeding areas. Trash should be 
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disposed of only at dumps, where it can be cov- 
ered or burned. Education of personnel should 
not be overlooked, 

Chemicals: 1% lindane dust is excellent for 
chemical control, but 10% BHC, dieldrin or 
aldrin may also be used. The insecticides should 
be applied to privies and other breeding areas 
at regular intervals, the time to be determined 
by survey. 




Figure 31-10. Scarpitn 



Scorpions — (Cenfruroides sculpturatus 
and others) 

There are about 50 species of scorpions in the 
v. S., but only one Arizona species is known to 
cause death in man. The toxin is carried in the 
stinger, being injected by a downward thrust 
of the tail. 

Breeding: 

Scorpions are usually found under stones, in 
decaying wood, and under trash piles, while 
some Southwestern species may hide in sand. 
They often invade houses and tents, hiding in 
dark comers, tander furniture and in shoes. 

Control: 

Education of personnel in the methods of 
avoiding contact offers the best means of com- 
bating scorpions. 

Physicali Cleaning and clearing of possible 
hiding places. 

Chemical: Spraying of breeding areas with 
2% chlordane emulsion or solution, or dusting 
with 5%; 10% BHC. 1% lindane is the best 
chemical for control; however, the MexicEin 
Government has foimd that lindane excites the 
insect, increasing the danger of stings for a time. 

Urticating Arthropods — (Various species y 

There are a number of beetles and other ar- 
thropods which produce blisters if handled or 
touched. In addition, the caterpillars of various 
moths can produce a severe dermatitis upon 
contact. 

Control: 

Control measures depend on accurate iden- 
tification. The local Health Department, or local 
Department of Agriculture can usually identify 
and recommend control measures for these pests. 

Taraniutos — (Eurypelma spp.) 

Tarantulas ate large hairy spiders. They are 
widely feared, but are not poisonous to man, 
although they can infhct a painful bite. 

Control: 

Control of tarantulas is similar to that of 
spiders and scorpions, 

Control of Other Insects 

There are many other insects which may be 
of importance on air bases. Control measures for 
many of these can be found in AFM ^-7, "In- 
sect and Rodent Control." Control of unknown 
insects must be based on identification of the 
insect by the Army Area Medical Laboratory. 
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RODENTS 

Rats are the rodents of primary importance in 
most areas. However, tliere are many Air Force 
installations in areas where mice and other 
rodents are the principal problem. Rodents, of 
course, are of great econoinie importance as 
destroyers of food and property, but their main 
interest to the Medical Service lies in &eir 
disease- carrying potentialities . 

Rodents are involved in disease trainsmissioii 
in two ways: as primary disease vectors, and as 
hosts of ectoparasites which transmit diseases. 

Diseases 

( a ) Rodent transmitted ; 

(1) By rat bite. 

Haverhill fever — Streptobacillus monili- 
fomiis. 

Rat bite fever — Spirillum minus. 

(2) By contamination of food and water. 

a. Contamination with urine: 
Weil's disease ( leptospirosis ) — Lepto- 
spira, sp. 



b. Contamination with feces: 

Salmonellosis — Salmonella spp., Shigella 
spp. 

( 3 ) By inhalation of mouse feces ; 
Lynvphmytic choriomeningUis 
( h ] Rodent ectoparasite transmitted: 
{ 1 ) By fleas. 
Plague. 

Endemic (Murine) typhns 

(2) By mites. 

Endemic (Murine) typhus (exp.) 

Scrub typhus 

Rickettsialpox 

Epidemic hemorrhagic fever 

(3) By ticks. 
Tularemia 

Rocky Mountain spotted fever. 

"Q" fever 
Relapsing fever 

Russian spring-summer encephalitis 



longer than 
head and body 




1 I I 



0 12 3 

scale in inches 




Figure 31-11. Fielil IdenGfication of Domestic Rodents 
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Control: 

Physical: The most important, and most 
effective rodent control measures involve denial 
of harborage, food and water. Such measures 
include rat-proofing of buildings and proper 
storage of foodstuffs. 

Destructive: Trapping is a good method of 
rodent control, but is secondary in effectiveness 
to poisoning, to which it is often used as a 
supplement. 

Chemical: "Warfarin" is the poison of choice 
for rodent control. A hydroxydicumarin prod- 
uct, its effect is cumulative, and it must be 
taken for 5 to 10 days. This, of course, serves 
as a safety factor for humans. 

Zinc - phosphide is used as an alternative 
poison. It must be mixed out of doors, and pro- 
tected from moisture. 

Note: "1080", sodium monofluoroacetate, is 
extremely toxic, and should not be used except 
under emergency (plague) conditions, with the 
approval of the Command Surgeon. 

Gassing of rodent burrows with calcium cy- 
anide dust: 

Runways must be dusted with an insecticide 
before a rat campaign is started in plague 
areas, as it is of the utmost importance that 
infested fleas be killed before they leave the 
dead rats and infect man. 



FORMULAS FOR MIXING PESTICIDES 

Most pesticides are now received in concen- 
trated form to save shipping bulk and cost. It 
is therefore necessary to mix most of these 
chemicals to fhe desired strength. Two formulas 
for mixing are given below; others may be found 
in AFM 85-7. 

1. Weight-volume formula: 

This formula is used for mixing liquid and 

dry materials. 

Multiply together: 
Gallons of spray wanted times weight of 
one gallon of diluent times percent of active 
ingredient wanted. 

Divide: 

The result of the above multiplication by 
tiie percent of active ingredient in the concen- 
trate ("Technical Grade" is usually 100 per- 
cent). 

Equals: 

Pounds of concentrated pesticide to be 
added. 



Example: 

Make 25 gallons of 2% chlordane, using 
100% chlordane dust and kerosene (wt. 6.6 
lbs/gal). 



2. Weight-weight or volume-volume formula: 
This formula is used for mixing dust with 
dust or Hquid with liquid. 

Subtract: 

Percent of active ingredient desired in final 
product from percent of active ingredient in the 
concentrate. 

Equals: 

Parts of diluent to use. 

Subtract: 

Percent of active ingredient in diluent (usu- 
ally 0 ) from percent of active ingredient desired 
in final product. 

Equals: 

Parts of concentrate to use. 
Example: 

Make 2% water emulsion of chlordane from 
46% emulsifiable chlordane and water. 

46% minus 2% —4i = parts of water to 

add. 

2% minus 0% = 2 = parts of concentrate 
to use. 

44:2 = 22:1. 

SAFETY MEASURES 

It is the responsibility of the surgeon to super- 
vise and advise on safety precautions to be 
foflowed in mixing, handling and applying 
insecticides and rodenticides. 

All pesticides should be considered as poison- 
ous, and should be handled by trained personnel 
under competent supervision. However, if pre- 
cautions are observed, and if formulations are 
accurately prepared and applied, there should 
be no serious effects to workers or to human 
and animal populations. 

I. Mixing precautioBS. 

All mixing should be done out-of-doors. Per- 
sonnel should wear protective rubber gloves and 
old clothing which can be laundered. Clothing 
which becomes soaked with pesticides or chemi- 
cals should be removed at once and laundered 
before being worn again. (The use of aprons 
wiU prevent this condition. ) Spillage on the skin 
should be removed immediately with soap and 
water. Respirators are needed when dusts, wet- 
table powders, and most liquids are being 
mixed. 
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2. Storage pret^utions. 

Installations engineer personnel are respon- 
sible for proper storage of pesticides, to protect 
against fire. The Medical Serv ices should assure 
protection against personal contamination with 
pesticides. AM containers should be clearly 
labeled as to their ccoitaits, and mariced 
"Poison." 

3. Precautioiis during application of in- 
secticides: 

Except when allethrin and pyrethrine alone 
are being used, respirators should be worn by 
all personnel engaged in Uie application of 
insecticides. 

a. Dusts: Dusting operations require the 
use of the Type C respirator, with dust filter, rar 
Type B-2 respirator. 

b. Sprays; Sprajing operations require the 
use of the Type B-2 respirator; the C respirator 
is NOT acceptable. 

c. Note; The Type C respirator is lighter 
weigiit than the B-2, and is much easier to 
breathe through, and there is a tendency on the 
part of control pe]'s<»iiiel to wear the Type C 
respirator for spray work for these reasons. This 
substitution is not authorized, since the C filters 
are not sufficient to stop the passage of spray 
droplets. 

Rubber glov^ should be worn when spray 



equipment is old and in poor condition, and 
where there is danger of leakage getting on the 
operator. 

4. Precautians in utilmiti(Hi of rodenti- 
ddes: 

The primary precautionary measure to be 
observed in setting out rat poisons is to place 
them where tliere will be a minimum opportu- 
nity' for humans and animals to get to them. 
Placing of bait in places inaccessible to humans 
and animals, and the use of bait boxes in open 
areas are recommended . 

Zinc phosphide should be mixed out-of-doors 
on a day when the humidity is low since this 
poison will release phosgene gas in the presence 
of moisture. 

Calcium cyanide is used in rat burrow^s out- 
side. No gas mask needed with experienced 
ctews using reasonable care. 

3. Fumigation precautions: 

Precautions to be observed during fumiga- 
tion are beyond the scope of this paper. Some 
fumigants require special canisters in gas masks, 
and some are highly volatile. Refer to AFM 85-7 
for details. 

Fumigation is not normally recommended for 
insect control except in special cases, on advice 
an entomologist. 
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food Service 



Sanitation and Inspection 
Methods 



The best method for insuring proper sanitation 
o£ food service facihties is rigid inspection. The 
following is an outhne for conducting a food 
service facilities inspection: 

Food Supplies 

Canned goods — sufficient supply, presence 
of swellers, springers, or leakers. 

Fruits and vegetables — source (possibility of 
contamination), washing, and sufficient cooking. 

Milk and dairy products — source, quality, 
freshness, processing and inspection, handling, 
storage, bacteriological and chemical analysis, 
raw or pasteurized milk. 

Meat and fish — source, quality, handling, 
transportation, processing, inspection at receiv- 
ing point, storage, refrigeration, and preparation. 

Bread and bakery products — source, quality, 
how delivered, cleanliness of vehicle, and stor- 
age. 

Food Storage 

Storage tents or pantries — type of flooring, 
cleanliness, adequacy of space, general arrange- 
ment, condition of vegetable bins, and wastage. 

Refrigerator — adequacy of si?e, temperature, 
cleanliness, hooks for meat, duck bQards for 
perishable vegetables, left-overs, disposal of drip 
water, presence of vermin. 

Attendants 

Qualffications df food service supervisor; 

adequately trained cooks; examination of food 
handlers by the Surgeon; frequency of such 
examination; native laborers, system of control; 
cleanliness of food handlers, clothing, hair and 
scalp, hands, fingernails, washing of hands, and 
washroom facilities. 



Menus 

Food sei-ved corresponding with menu posted; 
l>alance, variety, and rotation of menus. 

Food Preparation 

Adequate cooking, overcooking, tasteful sea- 
soning, meals prepared in systematic fashion, 
adequate facilities for proper preparation, pro- 
tection from time of cooking until ingestion by 
personnel, food served so as not to detract from 
group appetite, and wasteful serving. 

Dishwashing 

Method according to AFM 160-36, control of 
native dishwashers, cleanliness of dishes, trays, 
utensils, evidence that all dishes and utensils 
have been sterilized and air-dried. 

Kitchen Utensils 

Pots and pans grease-free; storage of utensils; 
kniveis and forks; cleanliness of racks, shelves, 
can openers; and cleanhness of ranges. 

Police of Kitchen 

Cleanliness of floors, walls, and ceilings; pres- 
ence of accumulated dirty and greasy rags; 
condition and construction of table tops, accu- 
mulation of personal belongings of food service 
personnel in the kitchen. 

Waste Disposal 

Proper sorting and removal of waste to gar- 
bage cans at garbage rack, cleanliness; condition 
of ground surrounding garbage rack; garbage 
removed on regular schedule; garbage can lids 
fit tightly; no transfer of garbage from can to 
can at the rack; provision for clean containers; 
condition and adequacy of garbage soakage 
pit (if used); and condition of grease traps. 
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Figure 3Z-T. Food Service Facilities Inspection Ciiotk List 



ORGANIZATION 



BLDG. NO, 



DATE 



FOOD SERVICE SUPERVISOR. 

A. Buildings and Grounds: 

1. Grounds 

2. Garbage disposal area 

3. Doors 

4. Windows 

5. Walls 

6. Floors 

7. Ceilings 

8. Screens 

9. Lighting 

10. Ventiiatlon 

11. Drainage 
12. 



B. Equipment: 



Dishes 
Trays 

Pots and pans 
Silverware 



5. Water glasses 

6. Utensils 

7. Toaster 

8. Coffee urns 

9. Cookers 

10. Mixer 

11. Potato peeler 

12. Slicer 

13. Stoves 

14. Hoods 

15. Tables 

16. Shelves 

17. Racks 

18. Drawers 

19. 

20. _ 



REMARKS: 



INSPECTOR'S SIGNATURE 



RANK 



TIME 



C. Storage facilities: 

1, Refrigerated storage (chill) 

2. Refrigerated storage (frozen) 

3. Dry storage 

4, Ventilated storage 

D. Personnel: 

1. Health certificates 

2. Hair covering 

3. Cleanliness 

4. Sanitary habits 

5. 



E. Sanitary facilities: 



1. 
2. 
3. 
4. 
5, 
6. 



Latrines 
Grease traps 
Sinks 

Dish washers 
Cleaning equipment 



F. Practices: 

1. Menu 

2. Preparation 

3. Cooking 

4. Serving 

5. Storing 

6. Handling left-overs 

7. Waste, spoilage, loss 

8. Garbage collection 

9. Washing, sterilizing, and drying of dishes 

and silverware 

10. Insect control 

11. Rodent control 
12. 



TITLE 



PHONE 



Insects and Rodents 

Presence of breeding and hiding places for 
insects and rodents; adequacy of screening, fly 
conttol, and proper baiting and maintenance of 
fly traps; improvisations for control; roach con- 
trol pnjgram, control measures carried out; type 
and eflEectiveness of rodent control; indoctrina- 
tion of sanitaiy food services personnel in control 
measures. 



Food Service Inspection Check List 

1. Bow to use the check list: 

Circle the number which identifies any item 
of condition found to be unsatisfactory. Under 
remarks make reference to each discrepancy 
pointing out exactly its nature and location. Pro- 
vide copies of this report to the Preventive 
Medicine officer. Copies may also be provided 
to the Air Inspector and the Food Service Super- 
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visor, if desired and requested by them. File 
copies of this report permit periodic comparison 
and serve to indicate improvement or decline 
in the sanitary status of the food service facilities. 
Failure to correct a discrepancy and its reap- 
pearance on successive occasions is a most 
flagrant violation that may require supervised 
correction and even disciplinary action. 



2. Comments: 

(a) Whenever applicable the following ques- 
tions should be asked concerning each item: 
Does it present a good appearance? Is it 
clean, adequate, and in good repair? Does it 
function properly? Is it used properly? Is it 
present in sufficient quantity? 



^Prevention of Food-Borne Diseases 

Food poisoning is a serious potential threat to the health of a Command at all 
times. It is more likely to occur in warm weather, but cold weather will not prevent 
it. It generally results from one of the following oauses; 

1. Contamination of food by food handlers who are suffering from disease or skin 
infection, or who are carrying disease germs in their bodies. 

2. Contamination of food by flies, roaches, rats, or mice. 

3. Inadequate cooking of food. Certain foods are especially likely to contain disease 
germs which cause food poisoning: pork, fowl, and some sea foods. 

4. Allowing prepared foods to stand at room temperature or in luke-warm steam 
tables between the time of preparation and the time of eating. Certain foods are 
especially dangerous in this respect; creamed foods, creamed soups and sauces, 
custards, custard pastries, puddings, and salads containing mayonnaise, 

Food poisoning can be prevented only with the intelligent cooperation of every 
individual who comes in contact with food. The following rules will be observed by 
all food service personnel; 

1. Food handlers will report as directed for physical examinations. 

2. Food handlers will report to the Food Service Supervisor whenever suffering 
from any of the following, and will be removed from food-handling duties until 
cleared for return by a medical officer. 

a. Common cold, sore throat, cough, diarrhea, or any other disease which might 
be communicable. 

b. Boils, sores, or wounds on the hands, arms, neck, or face. 

3. Food handlers will wash hands thoroughly with soap and water each time before 
handling food and after each visit to the latrine. 

4. Special care should be taken to make sure that the following foods are thoh- 
OUGHLY COOKED before serving; 

a. Pork of all kinds, including ham, 
h. Fowl of all kinds. 

c. Fish and sea foods. 

5. Any prepared food which is not served promptly after preparation will be kept 
n«i THE BEFHiGERATon (40° F or below) between the time of preparation and the 
time of serving. Left-over foods will be cooked or thoroughly reheated before serving 
at later meals. 

6. Certain foods should never be used under any circumstances for box lunches 
or in-flight lunches : 

a. Custards, custard pastries, or cream pastries, 

b. Salads, salad sandwiches, or foods containing mayonnaise. 

7. The presence of Hies, roaches, rats, or mice in the kitchen or food-storage rooms 
will be reported immediately to the Food Service Supervisor, and control measures 
will be carried out immediately. 



*A bulletin of this kind is recommended for distribution to food service sanitation personnel 
and posting on the Food Service Supervisor's bulletin board. 
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(b) With special reference to sanitary facil- 
ities: Are they present? Are they adequate? 
Do they function properly? It should be 
noted that cleaning equipment includes 
brushes, paper towels, rags, soap, detergents, 
disinfectants, steel wool. With regard to the 
sterilization of dishes, long handled baskets 
must be provided to ensure the proper manual 
rinsing (at 180 degrees F) required by regu- 
lation and that continuous attention must be 
given to maintaining this temperature. 

(c) Are practices proper, adequate, and 
habitual, or can they be improved? Make 
recommendations . 

(d) It should be policy to demand "on the 
spot" correction of all discrepancies which are 
capable of being handled in this manner. 

(e) Personnel, sanitary facihties, and prac- 
tices are most important. Other things being 
equal, one or more discrepancies in these 
categories might easily result in unsatisfactory 
food service facilities, whereas it might take 
many discrepancies in other categories. 

FOOD INSPECTION FOR 
MEDICAL OFFICERS 

Veterinaiy officers are assigned to all Air 
Force bases in the ZI and larger installations 
overseas to maintain sur\'cillance of foods from 
procurement to consumx^tion. However, in 
smaller and isolated areas the professional serv- 
ices of a veterinarian may not be available on a 
full time basis. Under such circumstances the 
medical ofBcer assigned must assume the food 
inspection responsibilities. 

AH subsistence inspection activities can be 
divided into two broad categories r medical and 
non-medical. Non-medical interests embrace 
grade, class, weight, packaging, and other con- 
tract comphance factors; medical interests are 
primarily concerned with acceptability for human 
consumption. Since the latter has a direct influ- 
ence on the healdi of personnel and their ability 
to perform assigned tasks, constant medical 
surveillance of all foods served is required. 

It is the medical aspects of food inspection 
that will be of primary concern to the medical 
officer. His most diiEcult decision will be to de- 
termine whether or not the various indications 
of spoilage which he observes actually have a 
food-borne disease implication or whether the 
problem is an esthetic one. Spoilage resulting 
from organisms causing food -poisoning or other 
food-borne disease is just cause for recommend- 
ing condemnatioii. However, such off-conditions 
as moldy meat, bread or cheese, sour milk or 



rancid butter may render food unpalatable but 
nevertheless edible and nutritious under survival 
conditions. Trimming or otherwise processing 
such foods will many times result in a food which 
is perfectly sound and acceptable for issue. 

The decision made depends on a sound basic 
knowledge of: 

1. Microbiology of foods. 

2. Esthetie reactions of the consumer. 

3. Proper re-processing procedures. 

4. Existing conditions influencing availabihty 
of foods. 

5. Nutritional requirements. 

INSPECTION PRINCIPLES AND CRITERIA 
Meats and Meot Producfs 

All meats, when fresh, have a characteristic 
odor, color, and textiu-e. Deviations from this 
nonnal appearance are due to bacterial growth, 
autolysis; or a combination of the two. Bacterial 
growth on the surface results in sliming and 
malodor, A certain amount of this can always 
be found on meat being held in storage and is 
of no consequence. If marked surface spoilage 
is observed, the involved area should be trimmed 
well into sound tissue before being issued. 

Autolysis is an enzymatic breakdown of tissue 
cells, actually a tenderizing process and would 
be reason for condemnation only in advanced 
stages. Ho\^'e\T>r, the cell dissolution resulting 
from autolysis enhances bacterial penetration 
with resulting spoilage and raalodor. Ability to 
trim and salvage depends on the depth of pene- 
tration. If condemnation is contemplated, the 
inspecting oiEcer must make certain that a com- 
plete evaluation is made. A hasty decision to 
condemn beef which was based on odor alone 
might be erroneous and COsdy, 

A condition known as "sour round" is not 
uncommonly encountered when inspecting car- 
cass beef. This is caused by bacterial growth in 
the coxofemoral joint and produces a very strong 
objectionable odor. Opening and airing of the 
joint will many times be all that is necessary to 
remove the odor; advanced cases may require 
trimming. There is no evidence that "sour- 
rounds" will result in illness if consumed. 

Meat inspection problems encountered must 
each be evaluated individually. A sound knowl- 
edge of the causes and mechanics of spoilage 
will, in most cases, lead to the proper decision. 

Waterfoods 

Waterfoods are often associated \\'ith erroneous 
food fallacies. Such beliefs have resulted in an 
unfounded suspicion that they are extremely 
hazardous when served in the dining hall. Actu- 
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ally, the same spoilage process is encountered 
in flsh as is observed wi& red meats. The main 
difference is that the surface shme contains addi- 
tional bacteria and the tissue contains much 
more moisture. The result is that the speed of 
decomposition is much more rapid. It is for this 
reason that fresh flsh should always be refrig- 
erated and prepared as soon as possible. Frozen 
fish should be kept frozen until ready to prepare 
for cooking; they should never be refrozen after 
thawing. 



The same principles of inspection apply to 
shrimp. However, oysters present a much more 
serious disease potential. Because of their meth- 
od of eating, they serve as a concentrating 
mechanism for the pathogens which can be 
found in contaminated waters, one of the most 
serious of which is Salmonella typhosa. It is 
therefore important that the first step in inspec- 
tion be to ascertain the sources from which flie 
oysters are harvested. Only those from areas 




Certain guidelines can be used in evaluating 
the relative freshness of fish. When fresh, the 
eyes are clear, the flesh firm and springy, and 
gills have a bright reddish appearance. When 
stale, the flesh has a doughy consistency so that 
finger impressions remain. Eyes are cloudy, the 
slime is thick and malodorous; the gills take on 
a reddish brown to chocolate color. Variations 
between these two extremes indicate degree of 
staleness or spoilage. The decision to condemn 
is usually based on esthetics rather than a health 
hazard, 



certified by the USPHS can be considered safe 
for human consumption. 

Because of the normal appearance of oysters, 
it is extremely difficult to determine condition 
until the final stages of decomposition are appar- 
ent. Therefore, the pH of the Hquor is used as 
an indication of freshness. The following stand- 
ards have been accepted: pH of 5.9 to 5.7 indi- 
cates staleness; below 5.7 the oyster is considered 
sour and inedible. 
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Poultry 

The suspicions of food-borae disease resulting 
from eating poultry are, for the most part, the 
result of outdated marketing procedures. In 
years past it was accepted commercial practice 
to market poultry with the viscera intact. This, 
of course, led to rapid enzymatic action and 
bacterial penetration from within as well as on 
the surface of the carcass. Poultry now procured 
by the Department of Defense is eviscerated 
and has excellent keeping qualities if properly 
refrigerated. However, since poultry is a rather 
common source of salmonellosis, and surface 
contamination can take place diu-ing the evis- 
cerating process, care must be taken to avoid 
prolonged periods of exposure to room tempera- 



and flavor. Such eggs are generally not accept- 
able for eating or use in cooking and baking 
products. 

The primary health hazard associated with 
eggs is salmonellosis. Only processed eggs (those 
which have been dried or frozen) have been 
incriminated to any great extent except in 
England where fresh duck eggs cause sporadic 
outbreaks. Processed eggs become a potential 
health hazard because large numbers of eggs 
from various sources are mixed together. There- 
fore, even though only a few infected flocks may 
be involved, the contamination is diilused 
throughout the entire lot. This contamination 
becomes a problem only when the environment 
becomes ideal for bacterial growth. 




tures and make certain that the poultry is thor- 
oughly cooked before serving in the dining hall. 

Eggs 

There exists the erroneous belief that the 
candhng of eggs insures wholesomeness. Actually 
this type of inspection is limited to grade deter- 
mination and the observation of sncli qviality 
defects as blood spots, marked embryonic devel- 
opment, and various types of rots. All should be 
eliminated from an esthetic standpoint but have 
no health significance. The serving of such eggs 
can be avoided by separate breaking in dining 
hall kitchens. 

Storage eggs may cause considerable concern 
in overseas areas. The shell of the egg is porous 
and, even though dipped in oil or otherwise 
processed, certain soil-contaminating bacteria 
may gain entrance into the egg substance. Such 
bacteria may multiply during prolonged storage, 
particularly if eggs are held above recommended 
temperature, and produce a strong musty odor 



Serious outbreaks of salmonellosis traced to 
powdered eggs during World War II have re- 
sulted in an increase in the processing tempera- 
tiue to adequately destroy the organism. How- 
ever, frozen eggs must still be considered con- 
taminated. Thawing and allowing to stand at 
room temperature can result in an outbreak of 
salmonellosis. 

Daily Products 

Dairy products represent the most serious 
disease potential of all foods consumed in the 
dining hall. Since milk is the product of an 
animal body, is subject to handling and human 
contamination, and is an ideal media for the 
growth of pathogenic organisms, every precau- 
tion must be taken to make certain that the 
product served to military personnel is safe to 
consume. 

First, the inspecting officer must be assured 
that the milk originates from healthy cows. 
Second, all dairy products must be processed 
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under adequate sanitary safeguards and pas- 
teurized at a temperature sufficient to destroy 
pathogenic organisms. The one exception to the 
pasteurization requirement is cured cheese. This 
may be held in storage for 60 days in lieu of 
pasteurization since the resulting acid pH will 
destroy pathogenic organisms in the quantity 
noriiially fbund in raw milk. Unpasteurized 
cheese stored less than 60 days, however, must 
be considered unsafe for human consumption. 

On the base, even though adequate process- 
ing has been assured, continuing vigilance is 
necessary to assure a quahty product on the 
serving line. The milk must be properly refrig- 
erated and stored in a foom free of odors that 
would affect taste. Careful rotation of stocks is 
necessary to avoid serving of accumulating old 
supphes. Every precaution must be taken to 
avoid contamination prior to serving. Milk and 
milk products should be served in a closed single 
service container or in an approved dispensing 
machine properly constructed and kept scrup- 
ulously clean. Careless handhng and serving can 
result in nonacceptance of one of the most im- 
portant basic items on the menu; contamination 
can result in a base-wide food-borne epidemic. 

Fniifs and Vegetables 

The primary responsibility of the inspecting 
officer regarding fruits and vegetables is proper 
conservation and utilization. All deliveries should 
be carefully screened to determine condition at 
the time of receipt. Crates should be stored so 
that the warehouseman will have ready access 
to old stocks first. Any crates showing evidence 
of spoilage should be immediately opened and 
the contents trimmed. The possibility of force 
issuing excess supplies should always be kept in 
mind to avoid unnecessary losses. 



The primary health hazard of these food 
items is surface contamination on those which 
are consumed raw. In certain foreign countries 
the use o£ himian excreta (night soil) to fer- 
tilize the crops is a serious disease potential; 
the use of such foods should be avoided. As a 
safety as well as an esthetic factor, all vegeta- 
bles should be carefully washed by a permanent 
food handler if they are to be served raw. 
Washing means parting all leaves, stalks, etc., 
and holding each under potable naming water. 
When contamination with human excsfeta is 
suspected, Compound, Germicidal Rinse, should 
be added to the wash water as a disinfectant. 

Canned Subsistence 

Spoilage in canned subsistence is best deter- 
mined by the physical appearance of the can; 
the most commonly observed indication is an 
increased internal pressure. Swelling, as the 
resulting condition is called, is usually the result 
of gas liberation contaminating bacteria. In 
some instances swelling may result from a varia- 
tion in atmospheric pressure (when item is 
shipped to a higher altitude) or by the produc- 
tion of hydrogen in the can contents. The in- 
specting officer cannot discriminate between 
these by visual examination of the container. 

Laboratory analysis is necessary to accurately 
determine whether or not such foods are saie 
for human consumption. When such facilities 
are not accessible, the safe procedure is to rec- 
ommend condemnation. Some canned foods will 
spoil without evidence of swelUng. In such cases 
the organisms involved are not gas formers but 
nevertheless produce acid. The product is sour 
but the can is flat; hence, the name "flat-sour," 
Any canned foods so affected should also be con- 
demned. As with all other subsistence, proper 
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storage and rotation of supplies are essential to 
maintain quality and prevent loss. 

The medical ofBcer assuming food inspection 
responsibilities must bear in mind the basic fact 
that all subsistence is perishable. The aim of 
food technology is to control the rapidity at 
which the decomposing process takes place; 
refrigerating, canning, and curing are all exam- 
ples of this process. The key to effective inspec- 
tion is to iiQ<jerstand the principles involved in 
each method of food preservation and be able 
to determine the degree of spoilage at the time 
of observation. With this information one eaii 
then detennine probable storage life and appro- 
priate distribution. The cardinal principle wliich 
senes as the basis for sucli a decision is that 
preservation methods merely slow down the 
process ctf d^jrasiocaticni, nev^ step cw reverse ft. 

CONDEMNATION RESPOFmUtl^ 

Office engaged in mibsisteac^ hasffsc^Sm 



activities sometimes have the erroneous impres- 
sion that they are the person responsible for 
condemnation of foods ur^ for human consump- 
tion. Actually, their responsibihty is limited to 
the rendering of appropriate recommendations. 
The accountable officer, acting for the com- 
mander, is the final condenrning authority. This 
means tiiat the inspecting af&best Wsmlk t$m^ 
and concisely state the reason for t&Bom- 
mendation so that it can be underst^Nl and 
acted upon hy the responsible officer. 

Another fact which must be remembered is 
that the inspecting oflScer never witn^s^ and 
certifies to the destruction of condemned items. 
His responsibilitj' during disposal is to make 
certain foods are rendered inedible by the use 
of dyes, burning, etc., so that they cannot be 
(KWSumed. He signs the Report of Survey as 
Urn fii^^ecttng c^cer; not as a witness to the 
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Water Control 



The Installations Engineer Officer is respon- 
sible for supervision and accomplishment of all 
work entailed in providing a safe, sufficient, and 
satisfactory water supply. 

The Director of Base Medical Services is re- 
sponsible for conducting investigations to deter- 
mine the suitabihty of water supply from the 
standpoint of health preservation and recom- 
mending remedial action indicated. This re- 
quires periodic inspection of water sources, 
treatment measures, disinfection methods, water 
storage, and distiibution, together wiiii the rou- 
tine collection and analysis of water samples 
and interpretation of results. The Director of 
Base Medical Services is further responsible for 
review of proposed water supply projects to 
determine that necessary safeguards for potabil- 
ity are incorporated. 

Services of sanitary and industrial hygiene 
engineers of the Medical Service should be 
utilized for the engineers' evaluation of the pro- 
posed water supply project. 

Reports 

Emergency situations related to water sup- 
plies, such as an outbreak of water-borne disease 
or the discovery of a major health hazard, are 
dealt with by a special preventive medicine 
report. 

Discrepancies found through routine or peri- 
odic investigations of a water supply which may 
endanger potability are normally brought out 
in the bi-monthly preventive medicine report. If 
no physical discrepancies exist, the statistical 
treatment of routine bacteriological water anal- 
yses, as set forth in AFM 160-4 (Sanitary 
Control of Water Supplies for Fixed Installa- 
tions), serves to determine whether or not the 



supply meets minimum requirements of bacteri- 
ological quality over each reporting period. 

Sources 

Water for military supplies may be obtained 
from any of several types of water sources. 
Table 33-1 lists common sources and general 
considerations of their use: 

Purchase of water from an approved public 
supply in a neighboring municipality is g Widely 
used method of providing water for nnilitary 
installations. This is ordinarily the cheapest and 
best method when available but may be limited 
in some overseas areas due to considerations of 
security, dependence, and public health stand- 
ards. 

Where a choice of water sources is possible 
in planning a military supply, ground water is 
preferable. Ground waters nonnally have better 
initial bacteriological quality and also require 
less treatment than surface sources, thus reduc- 
ing operational concerns.. In addition, the devel- 
opnient of ground water is better suited to 
military considerations of security, decentraliza- 
tion, and protection against enemy action. How- 
ever, development of ground water resources 
under combat or field conditions is limited in 
view of requirements for well drilling equipment 
and experienced hydrologists, as weE as the time 
factor involved. 

Sanitary surveys of established water sources 
are required at periodic intervals to insure that 
adequate protection exists for preventing en- 
trance of contamination into the supply. Where 
ground water is obtained through deep wells, 
the chief concern is that of preventing ingress 
of surface water through drainage or leakage 
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into wells. With surface water soiirces, detection 
and elimination of gross contaminations, such as 
untreated sewage or industrial waste discharges, 
is the principal consideration. 

Treatmenf 

The most coinmon treatment measures used 
with ground waters are reduction of hardness 
and aeration. When large janounts of highly 
mineralized ground water must be used for 
industrkl needs, such as for boiler water or 
laundries, softening of all or a part of the supply 
may be necessary. It is only rarely that ground 
water supplies are so brackish that demineraliza- 
tion is necessary to make them satisfactory for 
consumption; ccfflsequently, Medical Service 



full Surface water treatment. This consists of 
coagulating the water through flocculation and 
sedimentation with subsequent filtration through 
rapid sand gravity filters. This process mechan- 
ically removes the suspended material, varying 
amounts of tastes, odors and color, and practi- 
cally all bacteria. Coagulation of water is per- 
formed by the addition of computed dosages of 
coagulant chemicals followed by gentle agitation 
to permit formation of a gelatinous adhesive floe, 
after which a final period of quiescence is pro- 
vided to allow the floe to precipitate and carry 
down suspended material. While the primary 
purpose of coagulation is to relieve filter loading 
so that long filtration cycles are obtained, it 
plays an important role in the removal of patho- 



Table 33-1. 



Sourn: 


Ground 


Surface 


Spring 


Rain 


Sea 


Concerns: 


Well 

Protection 


Watershed 
Restrictions 


Enclosure 


Catchment 
Protection 




Usual 

Treatment: 


Aeration 


Flocculation 

Sedimentation 

Filtration 






Distillation 


Safeguard: 


Ctilori nation 


Chlorination 


Chlorination 


Chlorination 


Chlorination 



concern in this connection is limited. Removal 
or reduction of iron, manganese, hydrogen sul- 
fide, and carbon dioxide, which are common 
objectionable constituents of ground waters, may 
be accomplished through aeration. Aside from 
being objectionable in water because of staining 
porcelain and laundry, imparting unpleasant 
taste and odor, or causing corrosiveness, presence 
of these substances above critical levels is of 
medical concern in attempted disinfection by 
chlorination. Significant amounts of dissolved 
iron, manganese, or hydrogen sulfide in WEiter 
provide inorganic "chlorine demands" which give 
rise to difficulties in maintaining chlorine resid- 
uals. Dissolved carbon dioxide causes corrosive- 
ness which will tend to pick up iron, copper, 
and lead from distribution lines as well as from 
service plumbing. 

General treatment measures applicable to sur- 
face waters include storage, softening, coagulat- 
ing, and filtration. Storage is frequently utilized 
to improve the physical characteristics of surface 
water through impoundment. Softening, as with 
some ground waters, may be necessitated by 
industrial usage. Purification of surface water is 
generally accomplished in large supplies through 



genie microorganisms. Besides carrying down 
great numbers of microorganisms during the 
sedimentation phase, the fine particles of floe 
carried over to the filter beds form thereon an 
e.\ceedingly fine bio-filtcr which effectively filters 
out virtually all remaining microorganisms. These 
additive benefits are lost when full surface water 
treatment is reduced to rapid sand filtration only 
as may be done to save chemicals during dry 
seasons when raw water turbidities are low. 

In summary, Medical Service inspections of 
water plant treatment measures should consider 
the purpose of the treatment employed and the 
effectiveness of these procedures. The latter is 
best indicated by appraising the completeness 
of laboratory control maintained and the tech- 
nical competence of the operating personnel, 
provided design characteristics are suitable. 

Disinfection 

It is a military maxim that all water is to be 
regarded as contaminated until it has been dis- 
infected. Chlorine is used by tibe military estab- 
lishment as the disinfectant of choice for military 
water supplies. Because of the importance of 
proper disinfection of a water supply, Air Force 
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regulations are very specific on this point and 
rigid requirements have been established. For 
these reasons, it is imperative that the Surgeon 
maintain a continuous surveillance to insure that 
chlorination of the water supply is at all times 
satisfactory. 

Water chlorination has a dual purpose: initial 
disinfection of the water and protection of the 
supply during distribution by providing a chlo- 
rine residual to serve as a safet>' factor in the 
event of secondary contaminations. 

Chlorine is usually added to water as the final 
step of processing. It is introduced either 
through chlorinators as an aqueous solution of 
chlorine gas or through hypochlorinators or solu- 
tion feeders as a chlorine solution derived from 
the commoner hypochlorites. Free available 
chlorine (HOCl and/or OCl-ions) in water 
acts as a powerful, relatively quick-acting bac- 
tericidal agent. However, when ammonia or 
nitrogenous compounds are present in water, as 
is the case with many natural waters and invari- 
ably with waters which have been coagulated 
with ammonium alum, chlorine introduced 
initially reacts to form chloramines. 

Chloramines are also bactericidal but have 
lower oxidizing potentials than free available 
chlorine; hence, chloramines must be employed 
in higher concentrations to equal the disinfect- 
ant action of free available chlorine. Differentia- 
tion of free available chlorine and chloramines 
in water is accomplished by the orthotolidine- 
arsenite {O. T. A.) test described in "Standard 
Methods for the Examination of Water, Sewage, 
and Industrial Wastes." 

As the bactericidal action of chlorine foUows 
the slow rates of organic chemical reactions and 
is markedly influenced by factors of pH, tem- 
perature, and the form of chlorine present, 
disinfection is not completed for some time after 
chlorination. A minimum contact period of thirty 
minutes between chlorination and distribution 
to the first consumer is specified by regulation 
for Air Force-owned or -operated water systems. 
This contact period must be provided in finished 
water storage or distribution facilities. 

At fixed bases, a chlorine residual of not less 
than 0.4 ppm is required at all times in the 
active distribution system except when the water 
supply is obtained directly from an approved 
public water supply system. The active distribu- 
tion system, referring to the main lines where 
water is in constant movement, is specified so 
that a true picture is obtained before residuals 
are influenced by the water standing in small 
branch and service lines. AFM 160-4 states that 
to assure disinfection these residuals should not 



be less than 0.4 ppm when present as free 
available chlorine and not less than 2.0 ppm 
when present as chloramines. By contrast, a 
residual chlorine content (free) of 1.0 ppm is 
required in field situations as described below. 

Thus, for Air Force-owned or -operated water 
supplies, the Surgeon's concern witii disinfection 
procedures consists of ensuring the provision of 
adequate contact period following chlorination, 
determining the types of chlorine residuals pres- 
ent, and maintaining a sufficiently close check 
by actual tests to assure that chlorine residuals 
carried in the active distribution system are at 
all times satisfactory. This involves the accom- 
plishment of daily chlorine residual tests. 

Fluoridation 

Fluoridation of Air Force water supplies is 
becoming common practice. The safe concen- 
tration of fluorides ia natural waters has been 
established as 1.5 ppm {parts per million) as 
set forth in AFM 160-4, Section 13; but concen- 
trations of less than I.O ppm are the maximum 
ordinarily authorized when fluorides are added 
to water supphes to reduce the incidence of 
dental caries. 

Justification for fluoridation of Air Force water 
supplies i-equires careful consideration and co- 
operation of both the Dental Services Section 
and the Preventive Medicine Section of the base 
group. The Dental Surgeon compiles informa- 
tion justifying the use of fluorides in the water 
supply in terms of the benefits received from 
fluoridation, the population using the water, and 
especially the number of minor children served. 

The Preventive Medicine Section, and more 
specifically the Sanitary and Industrial Hygiene 
Engineer is concenjcd with accomplishing a 
complete field investigation of the water supply, 
type of proposed fluoride feed mechanism, 
laboratory control tests, water plant safety in 
handling of fluorides, and economics of the 
process. Fluoridation of water supplies at Air 
Force bases should be coordinated with and 
approved by the Office of the Surgeon General 
in accordance with AFR 160-98, 

The Preventive Medicine Inspector is respon- 
sible for the routine determination of the fluoride 
residual. The fluoride content should be deter- 
mined at least as often as the chlorine residual 
throughout the water distribution syst^. The 
methods of determining fluoride concentrations 
may be found in "Standard Methods for flie 
Examination of Water, Sewage, and Industrial 
Waste," 10th Edition pp 98-107. 

Storage 

Periodic iijspections of water supplies should 
include appraisal of capacity of storage faciHties 
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with regard to the contact periods following 
chlorination. Protection afforded finished water 
while in storage is likewise important. Storage 
and distribution tanks should provide adequate 
protection against dust-borne or other accidental 
contaminations. 



or storm waters percolate around the lines. 
Greatest hazards o£ this nature are associated 
vriih antiquated distribution systems or military 
systems constmcted from invasion-type mate- 
rials which have exceeded their useful life. 
Maintenance of constant positive pressure 




Distribution 

Cross-connections constitute major hazards in 
water distribution systems. A cross-connection is 
a physical arrangement between a drinking 
water supply system and a nonpotable system 
whereby flow into file drinking water system is 
possible. Where dual systems exist for fire pro- 
tection or industrial usages, consideration must 
be given to the possibility of such connections 
existing. Incomplete physical separation between 
the contents of swimming pools and their supply 
lines is another type. Faulty plumbing arrange- 
ments, such as leaking flush valves and their by- 
passes, are cross-connections and may cause 
back siphonage of toilet bowl contents when 
partial vacuum conditions exist. Back siphonage 
may occur m the uppermost fixtures in build- 
ings when pipe sizes are too small to satisfy 
simultaneous water demands and when lava- 
tories, sinks, and other fixtures have under-the- 
rim inlets. 

Cross-connections are seldom made twice 
alike; some are in conjunction with equalizing 
tanks; others are direct connections to different 
supplies; often they are buried in boiler roomst 
or are scattered in buildings over the areas 
served. 

Secondaiy contaminations may also gain en- 
trance into distribution systems through leaking 
joints or fractures, especially when sewer lines 
are in close proximity and water tables are high 



throughout a distribution system is of paramount 
importance against dangers associated with 
cross-connections and leaks. The occasional mili- 
tary expedient of conserving water in overtaxed 
supplies by valving off distribution systems or 
parts thereof is fraught with danger when under- 
ground lines are involved. Conservation should 
stress reduced usage. 

Before placing new distribution systems in 
service, sterilization of all lines with heavily 
chlorinated water (50-100 ppm chlorine) is 
essential. This is also an established practice for 
new extensions to a system and for portions 
affected following main breaks and replacements 
or other major repairs, 

Testing 

Reliance for ensuring the continuous potability 
of Air Force water supplies is placed largely 
upon the routine tests for chlorine residuals and 
bacteriological quality. The Director of Base 
Medical Services is charged with accomplishing 
these examinations in specified frequency and 
manner and interpreting the bacteriological find- 
ings. Since so much weight is attached to these 
indicative tests, it follows that every factor af- 
fecting their validity must be carefully appraised 
and appreciated by personnel to whom these 
responsibUities are delegated. 

As the water samples tested are but a minute 
percentage of the total supply, it is essential 
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iJiat they be as representative of the total supply 
ais possible. Sampling points for routine exami- 
nations shduld be selected by reference to a 
blueprint of the distribution system. They must 
be on active portions of the system, preferably 
from taps having the shortest run of service line 
from the mains. The number of sampling points 
chosen should correspond to the number of 
bacteriological samples to be esamined each 
month and should be so placed over the system 
as to reflect principal usages. To obtain statistical 
validity, routine sampling points must remain 
fixed, with the same points used over each suc- 
cessive monthly testing cycle. 

Bacteriological analyses of drinking water are 
based upon demonstrating the presence or ab- 
sence of the coliform group of organisms. Posi- 
tive returns are only suggestive of the presence 
of the various water-borne pathogens. For this 
reason, interpretation of the significance of the 
analyses is a responsibility of the Medical Officer 
submitting the samples, rather than a laboratory 
responsibility, since the sum total of knowledge 
arrived at through sanitary surveys, inspections, 
and tests is necessary for proper evaluation. 

The statistical treatment of routine bacteri- 
ological water analyses covered in APM 160-4 
is predicated upon establishing the bacteriolog- 
ical quality of the water supply as distributed. 
This limits consideration to samples taken from 
one supply and of that supply from the distribu- 
tion system alone. Samples from raw water 
sources, treatment stages, off-base locations, 
other supplies, and those no longer representa- 
tive of the water in distribution, such as samples 
from water jugs, mixing faucets, and the like, 
are of informational value only and are not to 
be included in the supply evaluation. 

Field Supplies 

The water purification equipment set, diato- 
mite, portable, 50 gpm capacity, is the standard 
Air Force water plant for producing potable 
water under field conditions at advance air 
bases and temporary installations. The unit is 
readily transportable by cargo truck or aircraft, 
can be set up and placed in operation inside 
eight bours, and is capable of producing up to 
60,000 gallons per day of clear, palatable water 
from any available surface water source. This 
equipment was expressly developed to provide 
a method of field water production which could 
absolutely guarantee the removal of amebic cysts 
and schistosome cercariae from raw surface water 
sources. It became generally available toward 
the close of World War II and was used in Asia 
and the Pacific areas. Since introduction, it has 
superseded previous types of field water puri- 
fication equipment employing sand pressure 



filters, which could not be depended upon to 
remove amebic cysts. Diatomite equipment was 
invaluable during the Korean campaign. 

The principle of diatomite filtration consists 
of forcing raw water through a thin layer of 
diatomaceous silica (Ideselguhr) plastered over 
supporting wire septa. Filtration achieved is 
equivalent to that provided by a laboratory 
Berkefeld filter. The jBltrate produced is excep- 
tionally dear, with more bacteria filtered out 
than is possible with conventional sand filters. 
Amebic cysts and schistosome cercariae, being 
comparatively large in relation to bacteria, are 
readily removed during this filtration process. 
Pathogenic bacteria remaining in the filtrate are 
destroyed by subsequent chlorination. With this 
equipment, the danger of amebic cysts surviving 
normal chlorine dosages is obviated through 
physical removal. 

As with fixed military supplies, field diatomite 
water purification equipment is operated by 
Installations Engineer personnel. Due to tedi- 
nical operating details and the advisability of 
coagulating and settling raw surface water prior 
to filtration, trained operators are of cardinal 
importance. 

In field situations, diatomite water purification 
units are usually some distance removed from 
the airstrip or quartering areas. Rarely is a river, 
stream, canal, pond, or other source of surface 
water immediately adjacent to the points of 
water usage. Distribution from the water point 
normally becomes a matter of each squadron or 
unit hauling water as needed in its own water 
trailers, five -gallon water cans, or other conven- 
ient receptacles. This kind of potable water dis- 
tribution necessitates the closest surveillance to 
ensure that secondary contaminations are not 
incurred. Disinfection practices for trailers or 
other containers prior to placing them in routine 
use, water handling mietbods, exposure to dust- 
borne contaminations while in transit, and re- 
checking of chlorine residuals before the water 
is made available to consumers should be usual 
concerns under these conditions. 

The water purification equipment set, diato- 
mite, pack (man), 15 gpm capacity, is also 
available through supply channels. This is a 
smaller unit designed to provide potable water 
in the field for small, isolated units. Principles 
of operation and considerations regarding water 
safety are the same as for the larger 50 gpm 
equipment set. 

Distillation units of various types and capac- 
ities have been developed for the production of 
drinking water supplies from sea water and 
brackish water. These units have been widely 
used on small islands and coral atolls in the 
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Pacific where fresh water is not available. The 
d&tillate produced by equipment of this type 
must be protected by disinfection to prevent 
COTitamination by subsequent handh'ng. 

In field situations, residual chlorine concen- 
trations of 1.0 ppm or more are required. 

Enwigency PurHlcotion 

Situations may arise under field or survival 
conditions when individuals or small units have 
to produce their own drinking water from raw 
sources or unsafe supplies. Certain items of 
water treatment equipment and purification sup- 
idies are issued for tiiese purposes. Their use, 
however, should be regarded as an emergency 
requirement and water so processed should 
never supplant water obtainable from military 
supphes when the latter is available. 

Hie water purification unit, hand operated, 
knapsaclc pack, filter pad type, % gpm was 
designed to provide small isolated units with a 
means ctf producing potable water. This unit 
consists of a small, hand-operated diaphragm 
pump, double-faced filter disc, clamping ring, 
canvas canyi^ «tee, T^Oper filter pads, and ac- 
ocsisories. It is issued as watar purification set 
Ste. 1, knapsack pack, % gl»n. Tlie unit is sim- 
ile, durable, and lightweight and can produce 
waiter of high clarity from turbid i|iw water. It 
will remove amebic cysts and s(3ffii»Hnne cer~ 
cariae from the raw water. Disinfec^ioa of the 
filtered water with water purification ^^lets is 
necessary. 

Small-scale units for obtaining drinking water 
from sea water are Air Force stock items used 
M|e rafts and survival eq^i^gm^ ISbe type 



MK2 sea water desalting kit reduces the salt 
concentration of sea water to tolerable hmits 
tbrou^ diemical precipitation. The type LL-2 
sea watCT distillation kit accomplishes salt re- 
moval by utilizing solar heat on a plastic still. 

Disinfection of untreated raw water may be 
necessar)' in emergencies. For small groups, the 
thirty-six gallon canvas Lyster bag carried in 
unit supplies for drinking water storage and 
dispensing can be used as a container for dis- 
infecting raw water. The bag is filled to the 
mark with the clearest raw water available and 
an ampule of issue calcium hypochlorite broken 
and (be contents added. After stirring, a thirty- 
minute contact period must be obser%'ed before 
tlie water is consumed. Two ampules should be 
used when the water contains organic materials 
or when the presence of amebic cysts or schisto- 
some cereariae in the raw water is of caacem. 

On an individual basis in emergencies, water 
may be disinfected in the issue canteen with 
water purification tablets. These are available 

as Tablets, X^'ater Purification, Individual, Iodine, 
containing tetraglycine hydroperiodide ("Globa- 
line") as the active ingredient The tablets 
should be used in accordance with the instruc- 
tions on the vial. TJte "Halazone" individual 
water purification tablets are obsolete and 
sltoidd not be used. 

Under extreme emergency conditions raw 
water may be rendered safe by boihng for at 
least 5 minutes. Quantities required for drink- 
ing should be prepared as needed due to the 
danger of secondary' contamination occurring 
without the safeguard provided by chlorine 
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Improvised 



Field Sanitation Dev/ces 



Under many combat conditions, standard 
equipment may not be available or may fail 
to function. Some of the improvisations serve 
better than prescribed equipment, and all are 
easy to construct. Illustrations in this chapter 
Indicate details of construction. 

The establishment of healthful living condi- 
tions for USAF units may be made difiicult by 
any or all of the following factoi-s; excessive 
rainfall, high humidity, poor soil drainage, high 
water level, raw water unfit for drinking, lack 
of wood for fuel (or wet wood), and serious 
endemic diseases. These difficulties are encoun- 
tered most frequently in tropical theaters. The 
improvisations described in this section are 
especially intended to promote good sanitation 
in the tropics, but are equally applicable in 
other climates and terrains. However, many of 
these improvised sanitaiy facilities will riot op- 
erate under extreme arctic conditions. The spe- 
cial problems of coping with sanitary conditions 
in the arctic must be understood by all medical 
service personnel. 

The improvisations described suggest various 
Ways of solving sanitary problems. The descrip- 
tions of methods and faciliticis are not meant to 
be hard-and-fast blueprints. Emphasis is laid on 
the flexible use of a practical basic principle and 
not on rigid adherence to fixed measurements 
and specific materials. 

The flexibility of the principles upon which 
the various devices are based makes it possible 
for any unit to achieve successful results, even 
though there is considerable difference between 
units in the contents of their salvage piles and 
their tables of equipment. 



There are welders, sheet metal workers, elec- 
trical specialists, carpenters, pump operators, 
and oxygen equipment experts in all USAF 
units. Each is equipped with the tools pecuhar 
to this trade. 

Aircraft salvage piles are available to almost 
all USAF units. Such materials include: oil drums 
and fuel containers of various sizes, sheet metal, 
oxygen line, piping, booster pumps, energizers, 
oxygen tanks, and other items. Captured enemy 
equipment may include useful material. 

The weight of the responsibility for the health, 
welfare, and morale of men falls upon the 
Coramanider. And while the Medical Officer and 
Medical Department are not responsible for the 
construction or maintenance trf sanitary facilities, 
it is likely that this particular responsibility 
may be delegated to them. Here is where the 
greatest benefit to all vwU accrue through the 
full cooperation of the Commander and the 
Medical Officer. Both the Medical Officer and 
the Medical Department should understand the 
special problems created by terrain, climate, and 
endemic diseases, and bofli should be familiar 
with expedients nec^sary when prescribed sani- 
tary measures fail. The use of such specialists 
as welders and sheet metal workers may be 
necessary in coping with many of these prob- 
lems. Conscientibus and intelligent workers of 
this type may be obtained in expediting neces- 
sary measures, and their work wiU be repaid 
many times over by the better health and morale 
of the men. 

In combat areas, a reliable source of heat is 
the most important single requirem^t for im- 
provised sanitation. Only heaters which bum 
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waste oil meet the requirement; fuel wood On reefs, atolls, and small islands fuel wood is 
cannot be depended upon at all times in combat scarce; in tropical forests, it is usually wet due 
theaters. This is especially true in the tropics. to constant rains. 



Flash Burners 

Flash burners are prrferable to other types of 
waste oil burners because of simplicity of con- 
struction, availability of materials, and ease of 
maintenance. These units can be constructed in 
less than 2 hours from three 5-gallon pails and 
a foot of wire, using only a hammer, cold chisel, 
nails, and pliers. 

When water is dropped on a hot plate simul- 
taneously with oil, the steam produced vaporizes 
the oil. There is almost complete comliustion of 
the oil. The result is an intense heat created 
with minimum expenditure of waste oil. 

To insure the efficient operation of the flash 
burner, the flash plate must be kept hot continu- 
ously. This is done by constructing the flash 
plate carefully and by providing proper draught 
vents, 



The materials needed are; 
Cleaned waste oil 

Oil reservoir, water reservoir (cans, drums, 
etc.) 

Galvanized iron pipe or copper tubing for 
fuel lines. 

Two shut-ofE valves for fuel regulation 
Three round S-gallon pails 
Wire for securing flash plates. 

The procedure to be used in the construction 
of flash burners is as follows: 

1. Flash plates — Make the plates of the burner 
from the bottoms of two 5-gaIlon pails. liammer 
out a central convex cone in the top plate and 
a central concavity in the lower plate. Rim the 
edges of the plates upward and pimch nail 
holes as shown in the illustration below. 




Figure 34-1. Flash Burner Assembly 
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Draught venl 



Figure 34-2. Construction of Housing 

2. Housing — Cut two vents, each about 2 
inches square, in a 5- gallon pail with one end 
lemoved. Wire the top plate into position about 
6 inches below the feed vent, Wire the bottom 
plate 2 inches under the top plate, with the con- 
cavity directly under the cone of the top plate. 

When the flash burner is assembled, the 
housing lies on its side with the flasli plates 
parallel to the ground. 

The flash burner principle can be adapted to 
an open-type heater without housing. 

3. Fuel assembly — Fuel is fed to the burner 
by gravity, Construct fuel feed hues from gal- 
vanized pipe or from copper tubing. Complete 
the fuel assembly with shut-off valves and res- 
ervoirs for water and waste oil. 

Insert a diesel oil-soaked rag through the 
draught vent and ignite. Regulate valve so that 
waste oil drips slowly on the top plate. The oil 
collects in the trough and drops thrcfu^ the 
perforations to the bottom plate, accumulating 



Figure 34-3. Open Flash Burner 

in the central depression. Any overflow bums 
in the bottom of tlie housing. 

Fire spreads from the burmng rag to the oil 

pool on the bottom plate, which in turn heats 
the cone of tlie top flash plate. During this 
phase, the oil bums briskly but with a dense 
black smoke. After about 5 minutes, regulate 
valve so that water drips very slowly on the 
heated top plate, where it flashes with a loud 
crackling noise. As the flash point of the oil is 
lowered, combustion becomes complete, the 
smoke decreases, and becomes white. Once the 
flash burner is running smoothly, feed the oil in 
a continuous small stream; feed the water in 
separate drops. Use about three times as much 
oil as water. 

Do not attempt to preheat either the oil or the 
water in the flash burner system. The principle 
of the flash burner is entirely different from that 
of the oil vapor burner described in the follow- 
ing paragraphs. 



Oil Vapor Burners 

Vaporized oil bums almost completely and 
vdih intense heat, saving fuel and keeping the 
camp area free of oily smoke. The oil bumers 
described and illustrated utilize a preheating 
feature which causes vaporization of oil prior to 
burning. 

The disadvantage of oil vapor burners is that 
they are difBcult to maintain. For tiiis reason 
flash bumers usually are preferable to oil vapot 
bumers. 



1. Preheating — Liquid oil is fed to the burner 
through a fuel line, one or more cofls of which 
are exposed to and heated by the flames from 
the jets. Oil is vaporized in the preheating coils 
and reaches the jets as a hot vapor which bums 
almost completely. When the oil vapor burner 
is properly operated, a blow-torch effect is cre- 
ated at each jet. Because of the intense heat 
created, the entire heating element must be con- 
stmcted of galvanized iron pipe. 

2, Back-surging — To prevent baek-sflrgihg of 
oil vapor into the feed line from the pre-heating 
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coils, fuel must be fed by gravity from an ele- 
vated reservoir, or it can be force-fed from an 
air-pressurized reservoir. In either case, the shut- 
off valve vsrhich regulates the flov^^ of fuel should 
be located as close as possible to the burner. 
The materials needed are ; 

Cleaned waste oil or diesel oil- 
Oil drum for fuel tank. 
Galvanized iron pipe, %, or % inch. 
Shut-off valve; pipe connections (elbows, 
tees, and plugs). 

Air valve from salvaged tire or Mae West. 
Air pressure pump from vehicle, or 3-gaUon 
decontaminating spray pump. 
The procedure to be used in the construction 
of oil vapor burners is as follows : 

1. Heating unit — Make the coils of galvanized 
iron pipe and pipe fittings. Locate the jet holes so 
that the flames are directed at the x^re-heating 
coils. Make holes about 1/32 inch in diameter 
with a punch or drill, or cut with a hacksaw. 
Holes drilled with a No. 54 drill are ideal. Limit 
the jet holes to five or six. Various types of oil 
vapor burner designs are shown in the related 
illustration. Burner C has proved most effec- 
tive. 

2. Shut- off valve — Place the feed control valve 
within a few feet of the burner itself so as to 
minimize the back-surging of oil vapor in the 

burner and feed line. 

3. Reservoir and fuel line — Use a 55-gaIlon 
oil drum, or smaller, as a reservoir. Install it at 



least 36 inches higher than the burner. Fit the 
fuel line to the %-inch bung hole of the drum. 
Construct the fuel line from iron pipe. 

4. Force feed — Fit the 2-inch bung cap of the 
reservoir with an air valve from a Mae West or 
tire tube. Punch a small hole, insert the valve, 
and secure it by tightening a nut against a 
rubber sealing pad. 

5. Fuel — Bum waste oil or diesel oil in burners 
of %- or %-inch pipe. If diesel oil is burned, 
there is no need for a force-feed system. 

The operation of oil vapor burners is as fol- 
lows: Build a small fire of grass or rags soaked 
in diesel oil around the burner. Add fuel from 
the burner slowly. A dense black smoke is pro- 
duced. Once the coils become hot, oil vaporiza- 
tion takes place. The vapor burns with a blowing 
sound and an almost white flame. Adjust the 
shut- off valve to give the smallest flow of fuel 
which will produce the maximum blowtorch 
effect. Too little flow of fuel will result in back- 
surging. 

To force-feed fuel to the burner, pump a few 
pounds of air pressure into tlie fuel tank with 
a hand pump. About 5 pounds pressure is 
sufiicient to insure a steady flow of fuel to the 
burner. 

Burner A bums approximately IVa gallons of 
waste oil per hour. Burners B and C bm-n 3 
gallons of waste oil or 5 gallons of diesel oil 
per hour. 




Figure 34-4. Oil Vapur Burners 
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Air pressure valve 



Figure 34-5. Force- Feed 



Waste oil resevoiT 
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Shut-off valve 



Dirty Waste Oil 

Burlap 





Figure 34-6. Reservoir and Fuel Line 

Waste oil from airplanes and vehicles must 
be cleared of grit and water before being used 
in oil vapor burners. It is not as important to 
clean the oil used in flash burners, but it may 
serve to prevent clogging of the oil feed hne 
at the shut-ofiF valve. 

Water is heavier than oil and collects at the 
bottom of the waste oil container. Place the 
vpaste oil droiH on its side on a suitable trestle 
support with the head or bung end of the drum 
raised 2 or 3 inches. This will allow only water- 
free oil to flow from the bung. 



Fieure 34-7. Gleaning Waste Oil 

When waste oil is scarce, place the dmm 
vertically, with the bung end down. After allow- 
ing several hours for the water to settle to the 
bottom, draw off the contents of the drum until 
the flow is free of water. Save the discarded 
watery oil until a drunaful has been collected, 
and then repeat the separation process to re- 
cover oil from this mixture. In this manner very 
little usable oil will be wasted. 

Remove grit from oil by straining through 
successive layers of burlap rags, fine screening, 
and coarse gravel. 
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Messldf Washing 

The importance of proper messkit washing 
has been forcefully demonstrated by combat 
experience in all theaters. Outbreaks of diar- 
rhea have been traced to inadequate cleaning 
of eating utensil. The following procedures, 
which differ from standard practice, are likely 
to reduce the incidence of intestinal disorders: 

1. Messkits should be scalded in actively boil- 
ing water prior to every meal. 

2. Following eacli meal, kits should be scraped 
clean into a garbage container, scrubbed in two 
separate containers of hot, soapy water, rinsed 
in two separate containers of clean boiling 
water, and air dried, 

A dependable messkit washing unit (type A 
unit) can be improvised. This unit consists of 
two sets of water heaters, each heating two 
drums of water. Two drums of soapy water and 
two of rinse water are heated simultaneously. 
The materials needed are: 

Two flash burner or oil vapor burner as- 
semblies 

Eight 55-gaIloil oil drums 

Sixteen 5-gaIIon round pails 
The procedure to be followed in the construc- 
tion of type-A messkit washing unit is as 
follows : 

1. Water containers — Cut four 55-gallon oil 
drums as shown in the illustration. Each water 



MESSKIT WASHING KSEIBLY 
Soapy water Rinse water r 




Figure 34-8. Construction of Type-A Messkit Washing Unit 




Figur» 34 -9. How to Cut Drams 




Figure 34-10. Type-A Messkit Wasliing Unit 
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Figure 34-11. Chimney Details 



.Water Container 




To open-type flash burner 

Figure 34-12. Type-B Messkit Washing Unit 




Figure 34-13. How to Cut Drums 



container holds about 35 gallons. Use two of 
these for soapy water, two for rinse water. 

2. Housing — Construct two sets of housings; 
one set for heating the soapy water containers, 
the other set for heating the rinse water con- 
tainers. 

a — Cut the drums so that the water con- 
tainers can rest snugly in the housing. 

b — Cut 12-inch circular holes for the chim- 
ney and burner at opposite ends of the housing. 

c — Set the water containers into the hous- 
ing; flatten and shape tJie pTojecting edges of 
the housing drums to make a smooth fit. 

3. Insulation — To hold the heat within the 
housing, place clay, sand, cement, or sand-filled 
5-gallon cans around the housing drums. 

4. Chimneys — High chimneys are necessary 
to create a strong draught and to keep smoke 
out of men's faces. Stack at least six round 5- 
gallon open-ended pails for chimney. If rectan- 
gular 5-gallon cans are used, spot-weld them 
end to end, 



A simple unit (t\'pe B) can be improvised, 
in which all four water containers are heated by 
one burner. 

The materials needed are: 

One open-type flash burner or oil vapor 
burner assembly. 
Three 55-gallon oil drums. 
Six 5-gallon round pails. 
The procedure to be followed in the construc- 
tion of type-B unit is as follows: 

1. Water Containers Cut two oil drums as 
shown in the sketch. Bend each drum open 
along line AB in order to form a pair of water 
containers. 

2. Housing — Cut one drum as diagrammed. 
Lay the two halves end to end, and spot-weld 
the ends together. Mound up dirt along the sides 
of the completed housing, and fit the two pairs 
of water containers to the top of the housing. 

3. Chimney — Stack at least six round 5-galion 
open-ended pails for the chimney. 

4. Burner — Place an open-type flash burner 
through the opening in the front end of the 
housings set It under the first pair of water con- 
taineJPS, Lead in the fuel lines and drip nozzles, 
and make a removable door as a windshield. 

If an oil burner is used, it can be moved 
backward and forward in the housing to heat 
the water containers uniformly. Bxu"ner C, shown 
on page 34-4 Figure 34-4, is the most effective. 
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Garbage Disposal 

Proper disposal of garbage is one of the most 
important measures for eliminating fly breeding 
and diarrheal diseases. 

Garbage may be disposed of by burial, burn- 
ing, sale or gift, or by dumping at sea. 

In areas wilih a low water table, burial is the 
best disposal method. In high-watertable areas, 
burial pits and digestion pits are unsuitable be- 
cause they beeome filled with water, especially 
during monsoons. 

Disposal of garbage by burning should be 
confined to units of 300 men or less. When fuel 
wood is available, the standard inclined-plane 
incinerator is the preferred type. When jFuel 
wood cannot be depended upon, incinerators 
utilizing waste oil burners are practical and 
sunple to construct. Large-scale incineration is 
impractical in combat areas. 

In certain areas, a large part of the garbage is 
disposed of by human and animal scavengers. 
Gjirbage thus becomes strewn over a wide area, 
creating a nuisance and a fly-breeding problem. 
Dumping garbage for collection by scavengers 
is an unsatisfactory disposal method. The sale 
of garbage to contractors is uncommon in over- 
seas zones. 

Burial of garbage by the sanitary fiU. method 
usually is a large-scale operation for garbage 
disposal which ordinarily requires the use of 
dump trucks and a bulldozer or dragline. How- 
ever, this method may be adapted to smaller 
requirements. 

Disposal by sanitary fill is practical where the 
level of sub- surface water never rises above 8 
feet from groimd level, the soil is soft enough to 
be shoveled, and the soil porosity is sufficient 
to prevent collection of rain water. 

An initial trench is dug, and the dirt is piled 
at one side to serve as a ramp. Solid garbage 
is dumped each day over the ramp into the 
trench, gradually filling the trench. Each day's 
dumping is covered with dirt dug from an adja- 
cent trench. When the first trench has \ieen 
filled, the trench which supplied the covering 
dirt will be ready to receive garble. 

The dumped garbage must be packed down 
as hard as possible and covered each day with 
at least 2 feet of hard-packed earth as a seal 
against flies and rodents. 

A practical sanitary fill area which wiU ac- 
commodate the garbage of a USAF unit of 
approximately 300 men is shown. Dig the first 
trench 3 feet wide, 3 feet deep and about 8 
feet long. Dump garbage at one end and pack 
down with shovels or weighted wood tam- 
pers. Remove earth from the other end of the 




2-/oot earth fill 



Fijiure 34-14. Large-scale Sanitary Fill 




Hfure 34-15. Small-Seale Sanitary Fill 



trench to cover the day's garbage. Pack it down 
2 feet deep over the garbage. Also seal off the 
exposed end of each day's garbage pile with 
two feet of hard-packed earth. Each day, fill the 
trench at one end with garbage and extend it at 
the other to furnish earth cover for the garbage. 
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Soakage pits act as reservoirs from which 
water is gradually absorbed by the surrounding 
ground. Their effectiveness depends upon the 
clearness of the water poiu-ed into the pit, the 
height of the ground water table, the porosity 
of the soil, and the extent of soakage surface. 
In terrain of rapid soil drainage, such as lime- 
stone or coral, small pits vpill function for long 
periods of time. In slow-draining, silt or clay 
plains, pits naust be much larger. Great care 
must be taken in slow-drainage areas to clear 
the waste water thoroughly before running it 
into a soakage pit. 

Where the ground surface is rock-like and 
nonporous, soakage pits and trenches are diffi- 
cult to construct and wHl function only a short 
time, In such areas, if the climate is hot and 
dry, waste water can be disposed of satisfactorily 
by evaporation beds. Evaporation beds operate 
partially by evaporation but also by soil absorp- 
tion and by oxidation of tiie waste. In order not 
to elog the beds, the waste water must be thor- 
oughly pretreated by efficient grease-trapping. 




Figure 34-16. Flash Burner Incinerator 

A small incinerator heated with a flash burner 
can dispose of the garbage of at least 300 men 
per day, The burner uses about IV2 gallons of 
waste oil per hour and needs Httle attention 
during operation. 

Previous to disposal of waste water, every 
effort must be made to separate fats and soap 
from liquid waste. This is done by means of a 
grease trap. 

An effective cold water grease trap can be 
impro'vised from salvage oil drums and pipe 
connections. Drums containing ghout 45 gallons 
of water can be connected in series to give tiie 
necessary volume of water for maximum sepa- 
ration of fats and soap from waste water. 




Rsurs 34-17. Siphon Glrease Trap 




Figurt 34-18. EYapuratlon Beds 



To determine the size of the beds, allow 3 
square feet per man for kitchen waste water 
and 2 square feet per man for bafih waste. 
Divide the total area by seven, and construct 
the beds in individual units, one for each day 
of Ibe week. Place the beds so that the waste 
can be chaxmeled to any particular bed as 
desired. 

In terrain witt a high water table, poor soil 
drainage, and high humidity, clearing of waste 
water by chemical treatment may be the best 
disposal method, The chemicals cause fats and 
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soap to settle to the bottom of a settling tank. 
The cleared water is then run ofi into a stream. 
The procedure is as follows: 

1. Pass the waste water through a grease trap 
into a settling tank. 

2. Prepare separate solutions of alum and of 

soda ash in pails. 

3. Add the alum solution and mix thoroughly 
with the waste water. Then mix in the soda ash 
(or lime) thoroughly. A heavy chemical com- 
pound (floe) is formed which settles to the 



bottom of the tank, carrymg suspended particles 

of fat with it. 

4. Complete settling should take place in 1 to 3 
hours. Pump off the cleared water on top, or 
allow it to run out through a suitably placed 
ouflet. 

5. Allow the floe in the bottom of the tank to 
accumulate until its level reaches the clearwater 
outlet Then drain this sediment through an 
outlet at the bottom of the tank, and clean the 
tank. 



Human Waste Disposal 

In combat areas, dysentery and diarrhea cause 
more loss of time than any otter disease. Proper 
disposal of human waste is one of the diief 
means of preventing diarrheal diseases. 

Presoribed methods for human waste disposal 
are not always practicable in forward areas. For 
example, in many areas, heavy rainfall and 
high water tables cause rapid flooding of deep 
pit and bored-hole latrines, floating the contents 
to the surface of the ground. This not only 
creates a fly-breeding hazard but permits feces- 
carrying flies to contaminate food readfly. 

"Wiile shallow-trench latrines may be used in 
semi-permanent bases, large numbers will be 
required because of rapid flUing. Another dis- 
advantage is Ifhat the trraidi^ are easily flooded. 

The ideal latrine is fly- and mosquito-proof; it 
functions on top of the groimd, rather than under 
it; and the method of waste disposal is simple 
without being distasteful to the latrine detail. 



Effective latrines can be readily constructed 
from discarded oil drums. Such latrines can 
easily be made fly-proof. Portable shelters may 
be constructed over them to afford protection 
against mosquitoes, rain and sunlight. In areas 
of rapid soil drainage, the drums can be set into 
the ground over a soakage pit. In areas where 
the water table is high, the drums can rest on 
the Surface. The contents of the drums either 
can be burned out daily or the entire drum can 
be set into a suitable incinerating device. 

The drum latrine with flue is designed so that 
the drum itself can be burned out daily without 
removing it from its site. Use an open-ended, 
55-gallon oil drum. Fit flue about a foot from 
the bottom of the drum. Set the latrine into the 
ground or raise a foot rest in front of the drum 
to support the weight of the user's legs. 

If the area drains rapidly, perforate the bottom 
of the latrine drum and set it down into a 
flyproofed soakage pit. 



Self-closing lid 



Webbing or rubber liinges 




Use where water table is iow 



Use where water table is high 



Hgura 34-19. Construellon of Oil Drum Latrines 
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Fly-proof wooden seat 



■35-gallon drum 
55-gallon drum 




Figure 34-2D. Flyproaf Latrine Drums 

The latrine and incinerator type of impro- 
vised latrine makes me of a separate incinerator 
device. The complete assembly consists of a 
flyproof drum latrine and a latrine incinerator. 
It provides a simple and not objectionable means 
for effecting flyproof human waste disposal in 
all types of terrain and climate. 

Use an open 35-gallon drum for the collection 
of feces. Drive a dozen or more holes through 
the upper half of this drum; leave the bottom 
half unperf orated. 

Place the 35- gallon drum inside a 55-gallon 
drum filled with about eight inches of dirt. The 
tops of the inner and outer dmms should come 
to the same level. The outside drum, when fitted 
with a sturdy removable flyproof wooden seat 
with a self-closing lid, acts as a sealed flyproof 
container for the inner drum. 

Pour 3 or more gallons of waste ofl into the 
feces in the 35-gallon drum latrine. Then lift the 
latrine drum out of its container and place it 
inside the incinerator housing. Set the chimney 
on the housing. Now start the burner. The 
flames will envelop the 35-gallon drum and 
ignite tlie oil poured into the feces. 

The feces of 75 men can be burned to a pow- 
der in less than 1% hour. No odor is produced 
during incineration. A 35-gallon drum will be 
about one-quarter filled by 75 men daily. One 
incinerator will easily handle the waste of 300 
men per day. 

The urinoil is the newest development in field 
urinals. It is an efiicient device, easy to build 
and functions where tesmperatures axe — 20°F. 
The oil seal makes it an odorless device, suitable 
for installing inside bufldings. 



Figure 34-21. Operation of Incinerator 

To begin operation of urinoil, place completed 
device in position in pit. Backfill excavation 
about the drum. Pour at least one foot water 
into the drum. Finally add waste oil (approxi- 
mately 32 gallons ) untfl level shown is reached. 
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Fiiure 34-22. Urinoil 
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Flasti-bumer heater 



Figure 34-23. Steam Type Hot Water Shower System 



Stiowers and WasKing Facilities 

Devices which provide hot vs^ater for showers, 
shaving, and hand-washing can be easily impro- 
vised. Where hot water is unnecessary for 
showers, the decontaminatiiig apparatus (M3A1 
or M4) can readily be converted for use as a 
shower, 

A simple, small water heating device may be 
improvised, using a flash burner. 

An effective hot water shower using live steam 
may be improvised as shown. 

Fiash burner 

Four 55-gallon oil drums 

Six 5-gallon round pails 

30 feet of %-inch pipe 

%-uich pipe connections 

Two shut-off valves 

Fuel transfer pump (hand operated) 
Thread %-inch pipe between the two small 
bungs at the bottoms of the overhead drums. 
In the inside of the hot water drum install a 
check valve at "A." Any flapper valve, such as 
the metal flapper at the top of an oxygen waUc- 
around bottle, is suitable for this purpose. This 
pipeline and valve allow water to flow from the 
cold drum into the hot drum, but not in the 
reverse direction. 
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Cold water intake 



Hot wafer outlet 




Figure 34-24. Utility Hot Water Heater 

Weld two pipe flanges into the drums at "B" 
and "C," and install pipes which randuct water 
from the two drums to the shower head. 
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Flash burner 



Figure 34-2S. CDnvettion Type Hoi Water Shower System 



Hot Water Shower (Convection Type! 

Cut the end from a 55-gallon drum and save 
the metal. Construct a chimney of stacked, 
open-ended 5-gallon round pails; insert the 
chimney into one end of the housing as illus- 
trated in the related sketch. 

Place a small drum within the housing on two 
rod supports. Cut two holes through the housing 
and the water heater drum and weld two pipes 
in position to the water heater at "A" and "B." 



Fill both overhead drums with water as in the 
steam shower shown. This automatically fills the 
water heater. 

The flash burner heats the water in the water 
heater. By convection, the hot water rises to the 
overhead hot water drum and is replaced by 
cold water from above. A continuous circuit of 
heated water is thus established. 

Water is brought to 190° F in the overhead 
drum in 75 minutes. 



u 



Laundry 

Since USAF units in foi-ward areas usually are 
separated from QMC laundry units, installations 
must be improvised to enable the men to wash 
their own clothes. Native laundry work in the 
tropics may be hazardous because of the possi- 
ble transmission of fungus diseases and skin 
infections. 

A washing machine churns soapy water 
through the clothes, without beating the clothes 
themselves. Relatively little agitation of the 
water in the raaehine is required for effective- 
ness. Therefore, high-powered or high-speed 
machinery is unnecessary. 



Hot water should be used in the washing ma- 
chine. Take it from the water heater rather than 
heat it in the machine itself. 

Add soap in the proportion of a half-bar of 
G, I. soap to a half-dram of water. It is best 
to add soap in melted or shaved form. After the 
churning action of the machine has whipped the 
soap into suds, add the clothes. 

After washing, wring the clothes out and 
rinse thoroughly in clear water. In the tropics 
the laundering process should be followed by 
boiling for 5 minutes in tiie water-heating device. 
Such sterilization of clothes is important in pre- 
venting tropical skin diseases. 
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Fifure 34-26. Horizontal Paddle Washing Machine 




Fiture 34-27. Vertical Paddle Washing Machine 




FiEure 34-28. RotaQng Drum Washing Machine 



The procedure to be followed in tiie constrjao 

tion of a horizontal rotating paddle washing 
machine is as described. 

Support a 55-gallon drum in a wooden or 
welded metal framework. Cut a rectangular 
opening in the top side of the drum, and hinge 
the cut-away metal to the drum as a door. Con- 
struct the movable central shaft for use within 
the drum, attaching paddles as shown. Mount 
the shaft in position by a pipe flange welded 
at one end and by a bushing at the other. 

On the outside of the barrel, fit the shaft from 
the bushing with an elbow and a short pipe and 
connect it to the drive shaft by means of a small 
universal joint or a bolt passed through the two 
flattened pipe ends (sliding joint). The jeep end 
of the drive shaft is fastened to the jeep hub 
with a flat metal strip, a bolt, and a tee pipe 
connection. 

The procedure to be followed in the construc- 
tion of vertical drum rotating paddle washing 
machines is as here described. 

Place a 55-gallon druiil in a vertical position 
over a shallow trench. Cut off and discard ths 
upper third of the drum. Mount a central paddle 
shaft vertically in the drum by means of a 2 x 4- 
inch wooden block at the top and a pipe flange 
in the bottom center of the drum. Since the 
drive shaft from the jeep wheel describes a 
sidewise as weU as an up-and-down movement, 
a small universal joint must be used to connect 
paddle and drive shafts. 

Not more than two similarly constructed 
drums and paddle shafts may be connected in 

series with the machine. Make the connections 
by means of flattened pipe ends bolted to form 
sliding joints. 

The drums are drained into the trench through 
the %-inch bung in the bottom. During use these 
bungs are stoppered with metal or rubber plugs. 

The procedure to be used in the construction 
of the rotating drum washing machine is as 
foUows, 

Weld a flange and short projecting pipe to 
the center of each end of a 55-gallon drum. 
Nfount the drum in a horizontal position on a 
simple trestle framework, so that the drum is 
supported loosely by the projecting pipes resting 
on the trestle. 

Cut an opening in the drum, through which 
to feed the cloflies into tihe machine. The open- 
ing should have a Hd which may be hinged, if 
desired. 

Attach the drive shaft to the drum with a 
short length of %-inch pipe threaded into the 
bung hole of the drum and locked there with a 
nut or pipe fitting. To give the drum a semi- 
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rotatory movement, connect a drive shaft to the 
rear wheel liub of a jeep. 

Bolt slats of wood about 1-inch square length- 
wise inside the drum about 1% inches apart. 
Use enough slats to cover half or two-thirds of 
the lower inner surface of the drum. Insert the 
slats into 4e drum through the 2-inch bung 
hole and secure them with round-headed bolts. 
Tighten the nuts on the outside of the drum. 
Swelling of the wood serves to make the bolt- 
holes waterti^t. 

To operate jeep-driven washing machines, 
jack rear wheel of jeep o£E ground. Run jeep 



at low speed. Allow 15 minutes of miming time 
for each load of laundry. 

A foot-operated machine, which agitates the 

soapy water by suction, can be readily impro- 
vised. Nail three No. 10 cans with open ends 
to the under surface of a notched wood block. 
Mount four slats in a drum or G. I. can along 
which the block will be guided as it rides up 
and down. The weighted suction board is raised 
and lowered with a cable running through two 
pulley devices to a foot-operated pedal. 

Suction created by raising the open-ended 
cans agitates the water in the drum and washes 
the clothes by forcing soapy water through them. 






lo 






M ' 




Guide slats 


il : 


1 r i' ! 



Figure 34-29. Suction-type Washing IVIaciiine 



Drying Cabinets 

The use of cabinets for 24-hour drying of wet 
shoes, socks, and underwear wlR help reduce the 
number of cases of superficial skin infection and 
fungus diseases in the wet tropics. A simple 
electric bulb cabinet can be improvised that is 
both effective and practical. 

To construct a drying cabinet, select an over- 
seas packing case of desired size. Place it on 
end. Hinge the lid. Line the case with the heavy 
weatherproofing paper used in all overseas 
shipping boxes. 

Install bulb socket(s) in the inside bottom of 
the lined case. Drill four 1-inch holes through 
the bottom and top of the mse and its lining. 
Lead the wires to fiie socket through one of the 
bottom holes. 



Install racks or hooks inside the lined case 
for hanging shoes, socks, and underwear. Drying 
is most rapid at the top of the cabinet. 




Figure 34-30. Driring Calnnst 
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The flight Surgeon's 
ResponsibilitY in Aircraft 
. . . Accidenf Prevention 



Much is said about the problem of aircraft 
accidents and their effect on the combat readi- 
ness and the financial structure of the Air Force. 
Not enough consideration is given to the effect 
of aircraft accidents on the death rate and mor- 
bidity of flying persomiel. A two-year study of 
mortahty rates conducted by the Office of the 
Surgeon General indicates that ninety per cent 
of all flying officers who die, do so in aircraft 
accidents, The mortality rate of flying 'officers 
during the period of this study was 9.3 from all 
causes and 8.2 from aircraft accidents. E.Kamina- 
tion of this figure indicates a genuine opportu- 
nity for all military personnel sincerely interested 
in the practice of preventive medicine. It is 
simply setting the stage for a succeeding acci- 
dent to allow one death to occur without ade- 
quately investigating its cause. The medical 
officer who neglects the proper investigation of 
aircraft accidents is neglecting his responsibility 
for the prevention of future deaths. 

As an illustration of the seriousness of this 
task, it can be pointed out that in the conti- 
nental limits of the United States from 7 De- 
cember 1941 to 5 August 1945, 14,830 individ- 
uals were killed in aircraft accidents, This 
exceeds by a considerable margin the total 
number of individuals who were killed in all 
combat air operations. The same ratio has not 
decreased appreciably in the peacetime years 
whiGh followed oiu: war effort. 

Flying Safety Program 

The overwhelming importance of aviation 
safety to the efFectiveness of the Air Force is 
obvious. The role of the flight sui^eon in helping 
to attain an optimum degree of "flying safety" 
within his organization is important. There are 



two principal aspects to this role. One is the 
res^ch and investigative activities necessary 
when an aircraft accident occurs. The other con- 
cems all of those activities designed to prevent 
accidents or to prevent death or injury when 
the accident is not prevented. The first aspect 
is rather narrow and specific. The second aspect 
is broader and more diffuse. As a matter of fact, 
almost every activity the flight surgeon enters 
into in behalf of his aircrew and supporting 
personnel may be considered to be undertaken 
in the interest of flying safety. The vigorous 
prosecution of a complete aircrew effectiveness 
program is, therefore, the backbone of the medi- 
cal flying safety program. 

Much of the Fhght Surgeon's aviation safety 
activity is diffused into his everyday activities 
of selection, medical care, and physiological 
indoctrination. The flight surgeon's aircrew effec- 
tiveness program, with its application of the 
principles of aviation and preventive medicine 
to problems associated with flight, seeks to elim- 
inate human factors which are a threat to "flying 
safety." It begins with selection and classifica- 
tion df flying personnel. It requires continuing 
efforts to maintain their health and physical 
fitness; it involves their proper indoctrination in 
the physiology of flight and the proper use of 
protective equipment, diagnosis and treatment 
of disease and injuries peculiar to flight; it in- 
volves consideration of human requirements and 
limitations in the design and development of 
aircraft and associated equipment; and it in- 
cludes the aeromedical responsibilities associated 
with air rescue, survival, and the air evacuation 
of sick and wounded. The ba«ic purpose of tiiese 
activities is to discover improved methods, pro- 
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cednres and equipment which will increase 
efficiency in flight. While many of these activities 
may not be directly associated with the formal 
unit "flying safety" program, any number of 
them can be conveniently and probably more 
effectively carried on in conjunction with the 
"flying safety" program. Outstanding among such 
activities are those concerned vrith all medical 
and physiological indoctrination procedures. 

In order to bring medical activities into direct 
association with the "Hying safety" program and 
thus make them more effective in attaining the 
ultimate objective, the Fhght Surgeon must 
actively "team-up" with the unit flying s^^lfy - 
officer. The flying safety ofl&cer-fli^t surgeon 
team is just as essential to the success of a pre- 
ventive unit "fljnng safety" program as the air- 
craft accident officCT-flight surgeon team is to an 
^feetive aiFcr^ acdct^it investigating research 
program. 

TItc flight surgeon should at every opportunity' 
remind the flying safety' officer and the aircrews 
of the importance of reporting physiological 
incident as a part of the reporting of opera- 
ticmal hazards outlined in AFR 62-7. The regula- 
tion lists a number of hazards which shordd be 
reported but in no vmy HinS^ flie reporting to 
only these items. All phy siological it^iden^ such 
as hypoxia, hyperventilation, or near-syncope 
should be reported as well as failure of personal 
equipment. The purpose of such reporting of 
inddents which lead to near-accidents or in any 
way compromise flying safety is to provide ade- 
quate data relating to the evaluation of the 
preieti^re equipment. It is wasteful of men and 
eqtD^^a^nt to investigate only accomplished acci- 
dents. It is considerably more profitable to inves- 
tigate operational hazards and incidents which 
might have led to an accident. To learn how an 
acddent was averted is in itself a valuable 
adiievement* 



The flight siu-geon must actively participate 
in all flying safety meetings. This participation 
may consist of informal discussion of the medical 
aspects of an\' appropriate item arising in the 
meeting or in the formal presentation of appro- 
priate aeromedical indoctrination subject matter. 
The choice of the material to be presented at 
flying safety meetings should be left to the dis- 
cretion of the flight surgeon and should be 
coordinated with the presentation planned by 
the flying safely oflicer. Frequently the medical 
aspects of a local accident will dictate the choice 
of material and will lend increased effectiveness 
i*r ife p^senlation. At times the flight surgeon 
may wish to present some indoctrinational ma- 
terial relating to an unusual or outstanding medi- 
cal feature of an accident reported in the Aircraft 
Accident Review. He may wish to discuss more 
fully a medical subject presented in Flying 
Safety magazine, or to present the results of a 
special study made by die .■\ero Medical Safety- 
Division Directorate of Flight Safety Research. 
Frequent, brief key 'Tiealth reminders" vrith 
respect to the practice of good general and men- 
tal hygiene may go far toward the prevention of 
excesses which result in fatigue and poor phys- 
ical and mental states. Constant em^i^Kffe 
be made on the importance of flying only \vh.m 
in the best of mental and physical conditifsra. 
Frequent indoctrination is necessary with re- 
spect to the fl\ er's responsibility to always seek 
and carry out the medical advice available to 
him at the flight surgeon's office. 

Many ideas and a great deal of infonnation. 
which may be effectively employed by the flight 
surgeon in the active and direct support of his 
organization's "fl\ing safety" program, will be 
fsond in the following references. If he fads to 
m tiiis, then he will be abandoning one of the 
most important areas of aviation medicine. 
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Standard Procedure 



in Aircraft Attidents 



It is the responsibility of the base commander 
of each installation to publish a detailed air- 
craft accident jresoue procedure, f ollowing the 
basic policies outlined In AFR 92-4. This aircraft 
accident procedure should be posted at each 
location where aircraft accident calls are re- 
ceived. Important aspects of AFR 92-4 to remem- 
ber are concerned with persoimel, crash notifi- 
cation, medical support for aircraft disaster, 
reports, administration, and hospital activities. 
For further details in aircraft accident proce- 
dure^j cfHisult the most recent revision of this 
regulation. 

Personnel 

Personnel authorized to attend aircraft acci- 
dent emergencies should be limited to the 
following three general groups; 

1. Personnel who are required to participate 
in immediate actual aircraft accident operations; 

2. Personnel who are required to perform re- 
lated supporting services as circumstances may 
develop; 

3. Personnel whose attendance is necessary to 
the performance of oificial duties in connection 
with such operations. 

The following gives the break-down of each 
of these three general groups : 

a. Active participation. Personnel considered 
active participants are the following: 

1. Officer in charge of crash fire-fighting 
and rescue; 

2. Crash fire-fighting and rescue crews; 

3. Crash ambulance crews; 

4. Designated hospital medical personnel; 

5. Aircraft accident rescue boat crews (as 
available and required) . 



b. Supporting participation. Personnel essen- 
tial for related supporting services are the 
following: 

1. Installation fire crews; 

2. Auxiliary water tank crews ; 

3. Maintenance and wrecker crews; 

4. Provost marshal, police, or security per- 
sonnel; 

5. Photographic personnel. 

c. Administrative personnel. Personnel con- 
sidered essential for administrative participa- 
tion are the following: 

1. Commander; 

2. Qfiftcer-of-the-day; 

3. Oificer-in charge of airfield operations; 

4. Fire marshal; 

5. Officer-in-charge of aircraft maintenance; 

6. OfScer-in-charge of inteUigence and 

security clearance; 

7. Officer-in-charge of accident investiga- 
tion; 

8. Flight surgeon or AME; 

9. Photographic ojfficer; 

10. Inspection and investigation officers 
and/or board members; 

11. OfHcer-in-charge of flying safety; 

12. Chaplain; 

13. OfHcer-in-charge of police activities. 

14. Pubhc relations or information officer; 

15. Other staff officers that the commander 
may designate or direct to attend. An ord- 
nance officer may be included if ammuni- 
tion or explosives are carried aboard air- 
craft. 
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Aircraft Acciden} Notification 

There are two different types of aircraft acci- 
dent alarm intercommunication systems utilized. 
One, known as the primary system, is a direct 
wire crash alarm intercommunication system 
normally installed between the control tower, 
operations dispatchers desk, and crash fire and 
ambulance fixed stations. The second alarm 
system is known as the secondary crash alarm 
intercomiQunication. This system may operate 
through the regular telephone switchboard, the 
commanding instrument being generally located 
at the operations dispatcher's desk. This system 
is connected to the following: 

a. Crash stations ( for confirmation ) ; 

b. Fire stations; 

c. Hospital; 

d. Fire marshal; 

e. Provost, police, or security officer; 

f . Aircraft maintenance or engineering office; 

g Crash boat or helicopter station, if appli- 
cable; 

h. Airfield operations office; 

i. Accident olBee, which in turn notifies by 
regular telephone or by other means the 
following: 

1. Investigations office and board members; 

2. Intelh gence office; 

3. Photographic office; 

4. Flying safety oflSce. 

j. Adjutant or executive, who in turn notifies 
by regular telephone or other means the 
following: 

1. Commander; 

2. Staff officers as required; 

3. Station inspector; 

4. Chaplain; 

5. Pubhc relations or information officer; 

6. Other personnel, whose presence at an 
aircraft accident is declared necessary by 
the commander. 

^ In the event of an aircraft accident or notifica- 
tion of impending emergency on or off base, the 
tower operator receives the initial notice and 
immediately notifies hstening members of the 
crash crew, by radio or over the primary crash 
intercommunication system consistent with cir- 
cumstances. So far as can be ascertained, the 
crash crew, including ambulance or helicopter, 
is furnished complete information concerning 
location, type of aircraft, occupants, type of 
cargo carried {especially if any explosives are 
aboard ) , nature of the emergency, landing nm- 
way, expected time erf arrival, and such other 
information as is pertinent to the anticipated 



emergency operation. This infoimation may be 
obtained by monitoring air traffic control and by 
tower operators "repeat back." Upon receipt of 
the initial notification, crash crews and ambu- 
lances respond immediately. If the incident is 
an impending emergency, they assume stand-by 
positions at predetermined emergency locations 
alongside, but clear of the designated runway. 
Simultaneous with notification of crash, truck 
and ambulance crews and the operations dis- 
patcher are notified over the primary ©rash 
intercommunication system. The opemtions dis- 
patcher notifies other designated activities over 
the secondary crash intercommunication system. 

If infomiatipn of an aircraft accident or an 
emergency is received by the crash crews or 
operations dispatcher before the control tower, 
the tower operator is immediately notffied by 
radio or intercommunicatiQn system, and crash 
trucks and ambulances or helicopters proceed 
to the crash or emergency location. 

Medical Support for Aircroft Disaster 

The medical officer is responsible to the com- 
mander for the assignment of proper equipment 
and personnel for crash and hospital ambulances,. 
Each amibulance on call for aircraft crashes 
should have equipment sufficient to provide ade- 
quate care for at least four injured persons. 
Crash ambulance crews must include at least 
one enhsted man, preferably a medical tech- 
nician or corpsman trained in crash rescue work 
and first aid, who may also act as a driver. At 
least one crash ambulance with crew should be 
on the alert during scheduled flying hours and 
at such other times as designated by the com- 
mander. The location of the ambulance and 
crew in relation to the runwuy is to be deter- 
mined by the local base commander. 

In the event helicopters are used, the same 
provisions apply within the operational capabil- 
ities of such aircraft. 

On-the-base emergency. Tlie following are 
procedures to observe for on-the-base emergen- 
cies. For further details consult the latest revi- 
sions of AFR 92-4 and AFM 62-5. 

1. When the hospital is notified of a crash or 
an emergency, the operator who receives the 
message immediately notifies tiie flight surgeon 
and/or medical officer-of-the-day and the hospi- 
tal ambulance crew. 

2. In the event of a crash, the flight surgeon 
and/or medical officer-of-the-day (or medical 
officer) assigned and the ambulance crew depart 
for the hospital ambulance immediately upon 
nobiflcation. If the hospital ambulance is not 
available, other transportation will be on a 
"stand-by" for this purpose. The doctor violl 



36-2 



FLIGHT SURGEON'S MANUAL 



proceed directly to the disaster area. He will 
make certain that his driver does not cross any 
runways without prior clearance from the con- 
trol tower. This clearance may be obtained by 
using the ambulance radio facility. If this is 
unavailable or the operator is unable to contact 
the tovsrer with the radio facility, the tower will 
clear the anibulaiice to cross the runways by 
means of light signals; the green light is clear- 
ance to proceed; the red light indicates that the 
ambulance should hold its position. Ordinarily, 
all runways adjaceat to the crash area will be 
closed. 

3. If a crashed aircraft is involved in fire, the 
flight surgeon and medical attendants stand by 
at a safe distance from the buming aircraft until 
regularly assigned crash rescue men of the crash 
rescue organization remove injured or entrapped 
personnel from the aircraft Medical authorities 
and personnel should not proceed toward an 
aircraft on Are, because of the hazard involved, 
unless they l^ve perniission from the crash 
rescue chief. This permission is granted only 
under unusual circumstances and then only when 
fire has been suppressed in the area where entry 
into the aircraft is to be made or when the fire 
is totally extinguished. In such an event, medical 
authorities sliould not enter the aircraft but 
should direct rescue operations from outside the 
airplane where frdl protection from fire can be 
given to them — unless necessary for them to 
administer medical aid and until major hazards 
have been protected against 

4. If a crashed aircraft is not involved in fire 
the flight surgeon or his representative directs 
removal of the injiued, after thorough precau- 
tions against fire hazard have been taken by the 
crash rescue unit and permission to approach 
the aircraft has been obtained from the crash 
chief. Under these conditions, the flight surgeon 
(or his representative) and medical attendants 
may enter the aircraft, if entry is in the best 
interest of rescue operations, These precautions 
are taken to discourage personnel whose knowl- 
edge of fire conditions is limited and who may 
inadvertently create an additional fltae hazard — 
consequently, forthiKr endangering trapped crew 
members and eeash r^cue personnel. 

5. The attending medical officer shotdd remein- 
ber that his entire hospital is on an alert on a 
stand-by basis. As will be described subse- 
quently, the hospital staff will remain on an alert 
and stand-by basis until such time as they are 
notified by the medical ofiBcer in the field that 
all is clear. Fmrther, it is important that the 
hospital be notified as soon, as possible concern- 
ing the type and e^nt of injuries of individuals 
involved in the aircraft accident, so that neces- 



sary preparations may be made in advance of 
the arrival of the patients, 

6. Injured individuals removed from a crashed 

aircraft must be turned over to the medical 
authorities immediately for treatment. Subse- 
quently, all members of an aircrew, whether 
they are injured or not, should be brought to 
the hospital for examination, as directed by the 
flight surgeon. 

7. Request for additional medical personnel or 
equipment can be made by the medical author- 
ities, when necessary, by means of radio facilities 
available in the crash ambulance. 

8. The hospital ambulance departs for the hos- 
pital ar^s as soon as the injured are ready for 
removal. If practicable, a second ambulance 
should assume the stand-by position at the dis- 
aster area after the first ambulance has departed 
for the hospital. 

9. When available, at least one ambulance 
should stand by at th.e scene of the accident, 
imtil the aircraft fire is totally extinguished and 
precautions against fire hazards are completed. 

10. Extreme care must be exercised to accu- 
rately identify aircraft crash victims in accord- 
ance with current criteria on this subject. One 
body at a time should be removed from the 
aircraft. All parts of the body and nonburned 
portion of clothes (such as belt buckles and 
identification tags) should be placed in a sep- 
arate bag marked with the victim's name, if 
known, and the relative position he occupied 
in the aircraft or whore the body was found. 
Personal items of monetary or sentimental value 
should be identified, j£ possible, and properly 
safeguarded. Extreme care should be taken to 
insure that all portions of human tissue are re- 
moved from the area surrounding the crash. 
These parts should be placed with other identifi- 
able remains. (See the applicable procedure for 
off-base emergency.) 

11. When the hospital is adjacent to the fhght 
line, and when circumstances warrant in the 
opinion of the commander and medical officer- 
in-charge, the crash ambulance may be stationed 
at the hospital. In such cases, proper medical 
personnel should be assigned to the ambulance 
crews. The crew is on call and alert at the 
hospital during all scheduled flying hours and 
at such other times as directed by the command- 
er. Notification of an aircraft crash is made 
by the operations dispatcher to the hospital 
emergency operator as previously described. 
Upon such notification, the flight surgeon and/or 
medical ofiicer-of-the-day (or medical officer) 
assigned, and the ambiuanee crew proceed to 
the accident in the ambulance. 
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Off-the-base E^rEHGENCY. Off-the-base emer- 
gency procedures are covered in AFR 92-4 and 
AFM 62-S. Important features of these proce- 
dures are the following: 

1. In general, any given base has the respon- 
sibility for covering aircraft disaster for an area 
half the distance to a neighboring base, unless a 
specific exception is made. In general, most 
crash j^rocedurcs encompass an approximate 15- 
mile radius from the base. A system for locating 
and reaching an off-base crash in a minimum 
time, with as much crash-fire-rescue-medical 
equipment as circumstances warrant, must be 
employed at each airbase. It is now possible to 
extend re.scue operation.s to a radius of as much 
as 50 miles by using a helicopter, When sucb an 
aircraft is available, prior planning for off-base 
emergencies should include a rather detailed 
mapping of that extended radius with particu- 
lar note made of suitable helicopter landing 
sites. It may be necessary to prepare a number 
of clearings adequately distributed Over this 
large area. Since most ofE-base emergencies re- 
quire a good deal of fire and rescue equipment, 
the subsequent discussions will be limited to the 
usual 15-mLle radius considered as very prac- 
tical. 

2. A map of the base and surrounding area of 
an approximate 15-miIe radius must be main- 
tained at the opefations office, air traffic control 
tower, crash fire and fire stations, hospital, and 
security office. These maps are ruled off in num- 
bered grids and marked for easy location of any 
point within the map area. Compass headings 
from the base are ruled on the maps to facilitate 
location of crashes by an aircraft. Copies of this 
map are kept in aU vehicles and liaison aircraft 
that may be sfent off the base in the event of a 
crash. These maps are coordinated among all 
base activities in the general area. 

3. All crash flre-fighting and crash hospital- 
ambulance personnel must thoroughly acquaint 
themselves with terrain surrounding the base. 
Through personal inspection, they must know 
locations of roads, bridges, paths, and other ter- 
rain features in a 15-mile radius of the base. 

4. In the event of a crash 15 miles beyond 
the base (or other designated distances), one 
crash ambulance, and such additional units as 
the medical officer may direct, \\'ill proceed to 
the scene of the accident. If the ambulance ar- 
rives at the scene of the accident and it is 
discovered that more ambulances and/or more 
medical personnel are needed, two-way radio 
should be employed to request this equipment 
and personnel. 



5. Request for civilian ambulances and person- 
nel may be made if the medical officer finds it 
necessary. 

B. A convoy is formed, consisting of vehicles 
designated by the base commander. It invari- 
ably includes crash flre-fighting and ambulance 
vehicles. Ambulances should not be prevented 
from leaving a convoy to proceed directly to the 
crash. 

7. Tn the event of a crash 15 miles or more 
beyond the base, unless otherwise directed by 
the medical officer, one crash ambulance must 

remain on duty to protect the field. 

8, The hospital ambulance should carry blan- 
kets, materials for improvising extra litters, and 
other equipment that will help remove injured 
personnel and enable medical attendants to 
carry casualties from inaccessible locations. In 
addition, it will carry siich medical items as 
oxygen, splints, and plasma, which may be 
necessary to treat these casualties. Each hospital 
ambulance should also be provided with four 
human remains pouches. 

Action in off-base aircraft AccmENXs. When 
notification is made over the crash alarm system 
of an ofi^-base crash, the following action is to 
be taken; 

1. Reference should be made to the grid map, 
with location of sector where the aircraft has 
crashed clearly stated, so that all concerned will 
be able to locate the crash readily by reference 
to maps in their possession. In addition, refer- 
ence should be made to the type aircraft in- 
volved in the crash. Upon reaching the crash 
area, it is the primary responsibility of the Medi- 
cal Officer to make a quick survey of the casu- 
alties involved and to report the number and 
type of casualties to the hospital as rapidh' as 
possible. In this way, the hospital will either be 
properly alerted for the casualties or will be 
taken off the alert if all of the members are 
fatalities. Upon receiving notification and the 
information stated above, the doctor will pro- 
ceed immediately to the ambulance and the 
ambulance will subsequently proceed to a pre- 
designated rendezvous point. At the rendezvous 
point, a convoy will be made up, composed of 
the crash and rescue elements which would in- 
clude the fire chief, fire-fighting equipment, the 
ambulance, and the air police. The air police 
take the lead position in the convoy. They may 
be in contact with an overflying liaison aircraft 
which will help direct the convoy to the crash 
area. At certain times, it may be necessary to 
interpret certain signals fhat are given to the 
convoy or to the individual ambulance by the 
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liaison aircraft when radio commumcation is im- 
possible. Refer to Table 36-1 for the Bst of air- 
craft signals and their meaning. 



■2. From time to time, different elements of the 
crash convoy may be separated for one reason 
or another. It is generally customary tiiat some 



MRPLANE Smhl 


MEANING 


AIRPLANE SIGNAL 


MEANING 




Jazzing engine (3 blips) 


Follow me 


steep turn to the left 


Turn left next road 


^ ^ 

Jazzing engine (3 blips) immediately 
tollowed by cliandelle ending 
in direction of iiome base 


Go back lo 
home airbase 


Circling (left) or dive (pointing to 
crash scene) 

V 

Engine cut full hacli 


Here is your stop 


Sliort dWes and zooms 


\ 

\ 

< 

Standard signal for yes 


Slup; go by foot 


I 


Ffshtailing 


Slmdard sign.'!l for no 


Rocking wings from side to side, or 
green flashes on signalling lamt) 


Message received and 
understood 


steep turn to the right 


Turn right next road. 


Making a complete right-hand circuiL 
or red flashes on signallirig lamp 


Message not 
understood 



Table 36-1. Airplane SiEnal— MegninK 
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procedure be worked out whereby the lead 
veljicle will throw out some sort of marking 
medium, such as lime, at any turn that the 
vehicle makes. It will throw out the marking 
medium just after it has made the turn, so that 
it is clearly designated which way the convoy 
should go. 

3. Information as to the loading list, and 
whether or not the aircraft is can-ying explosives 
of any type, should be obtained by the hospital 
and forwarded to the doctor in the ' field as 
rapidly as possible. 

4. Upon reaching the crash area, it is the pri- 
mary responsibility of the medical officer to 
make a quick survey of the casualties involved 
and to report the number and type of casualties 
to the hospital as rapidly as possible. In this way 
the hospital will be properly alerted for the 
receipt of the casualties, or will be taken off 
alert if all members are fatalities. 

In the event of aircraft fatalities the flight sur- 
geon should contact the individual having legal 
custody of the bodies, informing him of the ne- 
cessity for an intensive medical examination 
including autopsy. If the fatality occurs on base 
this responsibility rests with the Base Command- 
er; however, if the fatality occurs off base the 
custody of the bodies in such cases is governed 
by local laws, but usually the medical examiner 
or coroner has this delegated jurisdiction. In 
most instances the medical examiner or coroner 
vdll welcome aid particularly when it does not 
interfere with the ordinary due process of law 
and when the assistance is of such a specialized 
nature as the investigation of aircraft accident 
fatalities. It is most helpful, when possible, to 
establish liaison with local governing authorities 
prior to any accident and discuss the importance 
of such examinations iti tlic future. 

The necessity for thorough postmortem exam- 
inations in aircraft accident fatalities is stressed 
in existing regulations (AFR 160-35, AFR 160^ 
109) governing the performance of autopsies on 
deceased aircrew. The full appreciation of au- 
topsy findings may be wholly dependent upon 
information obtained at the scene of the accident 
and especially before the body is removed. The 
potential significance of the environment in 
which the body rests may be apparent only to 
a medically trained person. To interpret these 
environmental features it is of utmost importance 
that the scene of the accident be maintained 
in as near its original state as possible. 

Much of this type of information can be pre- 
served by adequate photography and complete 
photographic coverage, in color if possible, 
which has become a necessity not a luxury. One 
of the more common problems confronting medi- 



cal investigators has been the early removal 
of bodies by non-medical personnel from the 
scene, thus in many instances destroying consid- 
erable constructive evidence. Some items of 
personal equipment can best be examined only 
at the site of accident in relationship to the 
fatally injm-ed per.son. 

5. Every precaution must be taken to identify 
bodies properly, to recover dismembered parts, 
and to collect personal effects. Use of the pouch 
for human remains facilitates transportation of 
the body. The pouch is a rubberized zipper bag 
which is available as a nonexpendable item 
through the Air Force Logistics Command. 

6. Emergency Treatment Tag, AF Form 38, 
should be tied to each body. Bodies should be 
distinguished by number if identification cannot 
be readily established. Every effort should be 
made to complete identification at the scene, 
because positions of the bodies and otiier factors 
in relationship to the scene are clues. Before a 
body is disturbed, even slightly, the immediate 
area should be searehed for identification tags, 
rings, jewelry, bracelets, and watches, especially 
if the body has been burned. Parachute harness 
and clothing .should be removed bit by bit, layer 
by layer, and each fragment carefully examined. 
It should be ascertained, if possible, whether the 
parachute harness was on the body and whether 
the canopy was open or closed. A sketch should 
be made of the location of the wreckage and the 
position of each body in relation to it. Such a 
sketch helps not only in identification but also 
in accident investigation. 

7. Besides the methods already indicated, the 
following means of identification can be used 

either separately or fn combination ; 

a. Position in the aircraft — for example, 
pilot, left seat; co-pilot, right seat, etc. 

b. Names and laundry marks on clothing. An 
enlisted man's laundry mark usually comprises 
the initial of his last name and ihe last four 
digits of his serial number. Even on a badly 
burned body the laundry mark on the trousers 
and the shorts generally does not bum be- 
cause the mark is directly under the belt. This 
mark often proves to be the only means of 
identification. 

c. Wallets and contents, such as identification 
cards, pass^, and payroll records, 

d. Parachute numbers. This is not reliable in 
a large aircraft, as parachutes are frequently 
interchanged among those aboard. 

e. Insignia, particularly indications of flying 
rating and squadron grade. 

f. Scars, defects, deformities, and birthmarks. 
SF 88 may be consulted. 
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g. Tattoos. 

h. Color, quantity, distribution of hair. 

i. Height and weight. 

j. Clothing and shoe size, 
k. Fingerprints. 
1. Blood type, 
rn. Footprints, 

n. Dental indentification often plays the key 
role. When bodies are so badly burned or 
otherwise mutilated that they cannot be rec- 
ognized and identified, and articles are also 
damaged or lost, the teeth may furnish the 
only clues for identification. Unless it is the 
only means available, dental identification 
should be used as a check rather than an 
initial identification. Dental identiflcation is 
best performed at post-mortem examination 
where good light and facilities for cleaning 
the mouth and teeth are available. It is most 
important to have the Dental Health Records 
(Form AF 309) on hand at tiie time of the 
postmortem examination. Attempts at chart- 
ing the mouth of the crash victims for later 
comparison Wifil the original records are fre- 
quently inaccurate and unsatisfactory because 
of the remains. Artifacts are less likely to be 
confused with restoration, for example, when 
the examiner knows what to look for. It is 
important to finish with one body before pro- 
ceeding to the next. To prevent confusion, all 
data should be written. While checking iden- 
tification, it would be advantageous to make 
iflotes conGerning the possible manner in which 
death occurred, such as the breaking of seats 
or safety belts, dislodgment of turrets, and the 
like. This will facilitate accurate preparation 
of AF Form 14B. It may be found that the 
bodies of the deceased may be so dismem- 
bered as to make identification almost impos- 
sible by personnel at any giveii base. In such 
an event, there is available to the base hospi- 
tal facihty a group of experts in the field of 
identification of deceased personnel. These 
experts are located at Wright-Patterson Air 
Force Base. They will make visits at any areas 
between 15 degrees west longitude and 170 
degrees west longitude with the exception of 
the Hawaiian Islands and North Africa, When 
identification is required concerning the death 
of an individual, Air Force Logistics Com- 
mand will be notified by the most prompt 
means, 

8, The local coroner is to be given every rea- 
sonable opportunity to examine the body either 
before or after its removal to a military hospital 
or elsewhere. If the examination can be con- 
ducted without jeopardy to security of military 
information or interference with official duties of 



military personnel, the bodies must be removed 
from the scene expeditiously whether or not 
therie has been a coroner's inquest at the scene. 
Delay in waiting for the coroner to reach the 
scene is "intolerable". It is highly desirable to 
establish and maintain personal contact with the 
local coroner. If dealt with tactfully, coroners 
are not inchned to interfere with the handling 
of tlie remains of military personnel by military 
authorities. An arrangement to notify the coroner 
by telephoiie of tiie number of deaths in any 
ci'ash, giving the names of those killed, is usually 
satisfactory. Provisions should be made to have 
the undertaker furnish a copy of each death 
certificate to the local coroner. It is generally 
desirable to have the coroner's permission before 
removing remains to the military reservation 
{AFM 62-5 and AFR 62-14). 

Prior to starting the autopsies, it is important 
to obtain as much information as possible re- 
garding such items as possible seating arrange- 
ments, type of cargo, location of cargo, review 
of available medical records of the crew, or any 
other similar pertinent items. One of the most 
important features of the autopsy is the external 
examination of the bod\'. In the usual hospital 
autopsy, the external esainhtation is ordinarily 
rolati\-el\' unimportant, but in aircraft accident 
cases it must rccoi\'e tlie utmost attention. Ade- 
quate photographs, in color where possible, 
greatl) aid in tlae description and permanent 
recordinjj; of these lesions. In addition to the 
thorough external examination it is a necessity 
that a complete autopsy be performed for it is 
always a mistake to perform a partial autopsy. 
9. The medical officer is cautioned to be careful 
about the personnel to whom he disseminates 
information concerning a crash. Any information 
concerning the persons aboard the aircraft, as 
well as the mission of the aircraft, is considered 
confidential. When injured crew members have 
received first aid and the fatalities have been 
removed, the doctor may report back to the 
hospital. 

Hospital Activities During Aircraft AccicJenf 

Each hospital commander should analyze his 
local requirements for medical emergency serv- 
ice, assess the resources at his disposal, and 
formulate definite written plans to meet any 
emergency that might arise. These plans should 
be published and widely distributed, and those 
responsible for their implementation must be 
indoctrinated in every detail applicable to their 
duties. The size of the planned area and the 
amount and kind of immediate available supplies 
must be tailored to the professionally calculated 
requirements for the hospital concerned. The 
type and size of the operational activities at the 
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base and the base potential for other emergen- 
cies, such as automobile accidentSj train acci- 
dents, fires, and even such emergencies as food 
poisoning, must be considered in establishing 
these requirements, Tliese plaiis must be Icept 
current and practice exercises held regularly. It 
is not contemplated that the emergency facility 
will be kept completely closed and entirely un- 
available in anticipation of emergencies of dis- 
aster proportions. The medical emergency service 
must be an integral part of the medical facilities 
activity and should fit in smoothly with a mini- 
mum of waste of critical space and equipment 

UpoJa notification of a crash or any other 
emergency, the entire hospital is placed on an 
alert status with the professional personnel prop- 
erly stationed at their designated areas. Facilities 
should include an emergency surgery, main and 
secondary pavilions, bum and shock therapy 
rooms, minor surgery, and emergency laboratory 
and X-ray facilities. The entire hospital stafiF, 
espeeiaUy all professional personnel and tech- 
nicians, should be assigned to one of several 
disaster teams and be available on a 24-hour 
basis. A standard operating procedure should 
exist which directs the several points of assembly 
and also the chain of command for the efficient 
operation of these teams, All personnel assigned 
to emergency duties should be familiar with 
the emergency procedures and have a thorough 
knowledge of the operation of the emergency 
equipment available. Likewise, the medical and 
surgical technicians and the ambulance drivers 
should be well trained in their various fields 
and adequately briefed on the proper adminis- 
tration of first aid. 

During a disaster, if it is found that all the 
aircrew members are fataHties, the hospital will 
then be given the signal of "off alert" by the 
medical officer at the sceae of the crash and will 
subsequently transmit the message to its staff. 
By the same token, the number of survivors and 
the nature and extent of their injuries should be 
reported to the medical ofiEcer accompanying 
the crash ambulance. When the patients arrive 
at the hospital, the commander, or a triage officer 
appointed by him, should have them taken to 
the proper treatment areas. 

All hospitals should be assigned an adequate 
number of completely equipped crash ambu- 
lances sufiicient to meet the individual necessities 
of their base. If practicable, at least one crash 
ambulance should have a "liaison" radio to main- 
tain continuous contact with the hospital and 
all other elements in the field during any dis- 
aster. 



Adminisrrative Procedure 

The cemnmnder of each Air Force medical 
treatment facility should become familiar with 
the local laws regarding death and those reports 
that must be made promptly and directly to the 
civihan agencies by the hospital commander for 
and with the approval of the base commander 
(except where a breach of security is involved; 
in this case, the matter must be referred to the 
next higher Air Force headquarters ) . 

Public helations. It is important that no 
information regarding the identity of the victims 
or nature of the casualties be released to the 
press or to any unauthorized civilians except by 
a public infoiTnation officer or other officer des- 
ignated by the commander of the nearest sta- 
tion. 

It is the responsibility of the commander of 
the individual's home station to notify next of 
kin before identification is released to the public. 

Disposal of personal effects. When identi- 
fication of each body has been completed and 
the clothing has been removed and searched, 
the medical officer should see that all personal 
effects are sealed in an envelope and turned 
over to the summary court officer appointed for 
this purpose. A receipt should be obtained. 
Clothing issued by the government, except that 
necessary for burial, must be turned in with other 
individual equipment to a unit or other supply 
officer. 

"Performance of Autopsies" — In accordance 
with APR 160-35 and APR 160-109, the neces- 
sity for autopsies in aircraft accident fatalities 
has been stressed. The pathologist for such: an 
aircraft accident investigation will be furnished 
in one of four different ways; (1) He may be 
the pathologist or a physician from a nearby 
Base designated to periomi the autopsy, (2) A 
pathologist from the Air Force Histopathology 
Centers would be made available to go to the 
scene of the accident if mutually deemed nec- 
essary, (3) In the event neither of the afore- 
mentioned is feasible the services of a civilian 
pathologist are authorized for expediency, and 
(4) Information concerning the medical investi- 
gation of aircraft accident fatalities may be 
obtained by directly telephoning the Armed 
Forces Institute of Pathology, Washington, D. C, 
at telephone number Liberty 5-6700, and in 
selected cases the Chief of the Aero Medical 
Safety Division, Directorate of Flight Safety Re- 
search, Norton Air Force, may request the 
Armed Forces Institute of Pathology to provide 
Aviation pathologists for an on-the-spot patho- 
logic support of an aircraft accident. Since the 
flight surgeon is frequently called upon to 
perform the autopsy, he should avail himself of 
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an extremely useful booklet, "The Autopsy," 
available on request to The Director, Armed 
Forces Institute of Pathology, Washington 25, 
District of Columbia. 

Preparation of hemains. The purchasing and 
contracting officer and the hospital commander 
or the medical officer Jeptesenting him are re- 
sponsible for the proper preparation of remains 
so that they w?ill arrive at their destination in 
acceptable condition. These two olRcers must 
inspect the body immediately after death and 
again after embalming, but while it is unclothed, 
and once again after it is clothed and in the 
casket. (For details, see AFR 143-6). Respon- 
sibihty of the Surgeon does not end until the 
remains are removed from the undertaker's 
establishment by the purchasing and contracting 
officer for interment or shipment. The medical 
officer should be familiar with the principles of 
such preparation (AFM 62-S). 

When, because of the condition of the remains 
or mode of death, state health regulations re- 
quire that the casket be shipped sealed. Air 
Force regulations specify that the body be 
placed in a hermetically sealed casket if ship- 
ment is at government expense within the conti- 
nental United States. The sanitary laws of all 
states in which the remains are transported 
must be met. Whenever there is doubt regarding 
the condition in which the remains will reach 
the destination, a sealed casket must be used. 

A sealed, metal-lined casket, tested to malce 
sure that it is watertight, is advisable for bodies 
which have been dismembered, burned, or have 
become distended with gas. 

In many cases, the body is so badly mangled 
that tlie usual methods of embalming are not 
satisfactory. In such instances the undertaker 
wiU generally appreciate any suggestions, as he 
must make certain that the remains reach their 
destination in acceptable condition. There are 
numerous suggestions relating to the preparation 
of remains of deceased military personnel in a 
letter from the office of the adjutant general. A 
general embalming procedure such as the follow- 
ing is recommended: 

The body and recovered parts should be flior- 
oughly washed. The trunk, viscera, and severed 
parts should then be immersed in a strong solu- 
tion of formaldehyde (approximately 10% ) and 
allowed to remain as long as possible. Viscera 
should be punctured with a trocar so that the 
formaldehyde will act internally and externally. 
Body cavities should be thoroughly aspirated 
and then saturated with tiie formaldehyde. 
When embalming is completed, component parts 
of the body should be wrapped in muslin and 
assembled as nearly as possible in the body's 



natural conformation. The whole body should 
then be wrapped in muslin and put in the metal 
inner liner, in which there is 3 or 4 inches of 
sawdust, with cotton or wool filling the remain- 
ing empty space in the liner. 

A neatly folded uniform should be placed 
under the glass lid of the inner liner. Transr 
parent fingernail lacquer will delay corrosion of 
buttons and insignia. A unifonn is supplied from 
the individual's own wardrobe. If this is not 
feasible, as may happen when death occurs at 
considerable distance from the victim's station, 
it is customary for the mortuary officer to supply 
a uniform through purchase from Sales and 
Issue. 

A sealed casket is sometimes opened at its 
destination, on insistence of the family. The 
medical officer should suggest to the base com- 
mander that he write the undertaker at the 
designation, requesting that the family be dis- 
creefly urged to forego opening the casket A 
tactful explanation of the nature of the death 
and condition of the remains, together with a 
sympathetic assurance on the correct identity, 
will usually bring withdrawal of tlie request for 
opening the casket and spare additional grief. 

Cremation may be provided at government 
expense if the responsible relative requests. It 
is best not to ask for authority to cremate the 
body, but to explain simply that Such may be 
done at government expense if requested. In 
cases of partial incineration, severe dismember- 
ment, fragmentation, and decomposition, crema- 
tion is the most satisfactory method, especially 
when the remains have to be shipped long 
distances. 

Reports 

The medical officer should be acquainted with 
AFM 62-5, entitled, "Aircraft Accident Preven- 
tion-Investigation-Reporting." It incorporates all 
of the forms that must be completed following 
an aircraft accident. Specifically, the forms are 
as follows; 

AF Form 14A — Medical Report of an Air- 
craft Accident. This report must be completed 
on all major aircraft accidents. 

A major accident is one in which any person 
receives fatal or major injuries or in which the 
aircraft is destroyed or receives substantial 
damage (AFR 62-14). 

AF Form 14B — Medical R^rt of an Indi- 
vidual Involved in an Air Force Aircraft Acci- 
dent. This form must be completed on all 
individuals who were fatalities in the accident, 
as well as all rated pilots involved in any major 
aircraft accident. 

AF Form 14D — Report of Emergency Para- 
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chute Jump. The flight surgeon assists in com- 
pleting this form upon any individual who uses 

a parachute in an emergency exit from the 
aircraft. AF Form 14E — Report of Survival 
from Air Force Aircraft Accident./Incident This 
form must be completed when applicable. In 
general this form wiD be submitted any time 
an accident occurs and rescue is not aoccHn- 
plished within 6 hours ( AFR 62-14). 

In addition, there are certain reports routinely 
required in the d^th of militaiy personnel. 

a. The commander of the base of the de- 
ceased and the commander of the deceased's 
squadron or other unit must be notified im- 
mediate. 1^ at^tfficatfcm must include, as 



far as practicable, the full name, grade and 
serial number of the deceased, his unit, the 
date, place, and cause of death, line of dutj- 
status, statement as to whether or not mis- 
conduct is indicated; and if a permanent 
civilian employee, arm, service, or bureau in 
wliich he was employed. Death or injury while 
riding in a government aircraft is considered 
line-of-duty, unless misconduct or negUgence 
is a contributing factor, 

b. All deaths at Air Force bases or in Air 
Force commands must be reported to the local 
civil healtii authorities. Medical oflBoers should 
familiarize tliemselves in this regard. Reports 
directly to the Bureau of Census in Washing- 
ton are no longer lequired. 



References 

Keader shoM msme tmmmf tS Esfed tefertKM. 

AFR 92-4 "Procedure for Aircraft Crash." 

AFM 62-5 "Aircraft Accident Prevention — Investigation — Reporting." 
AFR 160-35 ".Administering Medical Treatment Facihties." 
AFR 160-109 "Medical Investigation of Aircraft Accident Fatalities." 
Armstrong, H. G.: Aerospace Medicine, Chapter 30, Aircraft AcddetOs. Williams 
and Wilkins Co., Baltimore, 1960. 



36-10 



RIGHT SURGEON'S MANUAL 



n 
n 



f! 



f 1 



n 

[ 

r 
n 
n 
fj 

L 

n 
c 
c 
c 
c 

L 
L 
L 
L 
L 
L 




The survival of severely injured victims of an 
aircraft accident depends upon a prompt and 
correct diagnosis, so that proper treatment can 
be instituted. When the patient is unconscious, 
diagnosis of shock or cerebral concussion may 
be made. If the patient does not improve, the 
problem is to determine whether the adverse 
clinical course is due to injury within the skull, 
thorax, or abdomen; to define concussion and 
shock in terms of injury; and to institute treat- 
ment accordingly. Superficial lesions and frac- 
tures of bones are of lesser importance than 
injuries of internal trauma. 

Unlike injuries suffered in accidents in surface 
vehicles, the injuries produced in aircraft acci- 
dents (other than bums) are usually cmshing 
rather than lacerating in nature. Any occupant 
of an aircraft accident who gives evidence of 
having suffered trauma should be carefully 
evaluated for shock, particularly in those cases 
where there is an obvious hemorrhage, where 
fractures or crushing injuries have indicated sig- 
nificant insult, and in those cases where severe 
decelerative forces may have been sufficient to 
result in the tear or laceration of an internal 
viscus. 

Much confusion has existed from the use of 
the term "shock". From a clinician s viewpoint, 
shock may be described as the deficient circu- 
lating blood volume. 

Classification of Shock 

Shock may be classified etiologicaUy into four 
categories: cardiogenic shock; the heart is un- 



able to pump adequate amounts of blood into 

the arterial tree despite sufficient venous return 
( left ventricular failure or cardiac tamponade ) : 
vasogenic shock; the paralysis and dilatation 
of the arteriols (severe infections): neurogerdc 
shock; vasoconstrictor tone is lost aiid a dispar- 
ity between the capacity of the arterial tree 
and the volume of blood available to fill it 
exists: and, oligemic shock; there is an actual 
diminution of the circulating blood volume 
(hemorrhagic shock). 

Traumatic Shock 

The fundamental abnormality in traumatic 
shock is a deficiency of the circulating blood 
volume. Pain, anxiety, fear, excitement, infec- 
tion, and continued loss of blood from the un- 
treated wound all influence the objective find- 
ings. The cHnical state of shock cannot be 
divorced from the wound. There cannot be 
effective treatment of one without treatment 
of the other. 

Reduction in blood volume: The most impor- 
tant factor in the cause of traumatic shock is re- 
duction in blood volmne brought about by the 
loss of whole blood. As much as 2,000 or 3,000 
cc of blood may be lost into the tissues in a 
fracture of the femur. Often there is extensive 
blood loss in wounds of the chest, abdomen, and 
extremities. Plasma loss occurs in burns, crash 
injuries, gas gangrene, and other infected 
wounds. 

The wound: Other factors resulting from the 
wound itself may contribute greatly to shock. 
Gardio-respiratory embarrassment from hemo- 
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thorax, tension pneumothorax, painful fractured 
ribs, and paradoxic respiration in a flail chest 
exaggerate the collapse of fiie Gfrculatory system. 
Obstruction of the airway r^ults in asphyxia. 
Cardiac tamponade leads to collapse with com- 
paratively small reduction in blood volume. 
Shock may occur in craniocerebral injuries and 
in acute dilatation of the stomach. 

Dehydratiotii Dehydration or severe electro- 
lyte imbalance may contribute to the condition. 

Fain: The exact role of pain as a causative 
agent is not clear. Usually fear and psychic 
stimulation are more prominent than pain in a 
WOimded man. These neurogenic factors may 
iiMarease the severity of shock. 

Clinical findings in shock. The symptoms 
of shock depend upon the degree of the re- 
duction in circulating blood volume and on 
the character of the complicating factors pro- 
duced by the wound. The fundamental abnor- 
mality is a deficiency of blood volume, and 
the clinical findings are largely the manifesta- 
tions of the orgaiiism's attempt to correct the 
discrepancy between the capacity of the vacu- 
lar system and the diminished blood volume. 
With slight hemorrhage, a compensatory vaso- 
constriction may maintain a near normal blood 
pressure. With increasing severity the systolic 
blood pressure falls. The pulse rate is not as 
reliable as the blood pressure in estimating the 
degree of blood loss. Fnequeiitly, patients with 
a low blood pressure wiH show a normal pulse 
rate. A significant symptom is thirst. Sweating 
may be seen but it is not a constant finding. In 
severe shock the patient is usually pale; the 
veins are collapsed and apatiiy may develop. 
Vomiting and fecal incontinence may occur. 

Immediate Treafmenf of Shock 
at the Site of Injury 

1. The patient should be placed in the supine 
position with the head lowered, unless lowering 
of the head increases respiratory embarrass- 
ment. 

2. Hemorrhage must be controlled. 

3. An adequate airway is essential. 

4. Pain may be controlled by small doses of 
morphine sulfate given intravenously. In severe 
shodSj pain is rarely a prominent feature. 

5. Dressings of sufHcient size and tiiickness 
should be appHed to cover the injured area and 
to decrease mobility of the part. Fracture of the 
extremities must be properly splinted. 

6. Body heat may be conserved by placing 
blankets over and under the patient. External 
heat should not be used. 



7. If the hospital is distant and the systolic 
blood pressure is below 80 mm of mercury, 
evacuation should be delayed until transfusion 
of blood, plasma, or a plasma expander is 
started. 

8. AH medications and observations must be 
recorded. 

9. Evacuation should be accomplished as rap- 
idly as possible to an installation where facilities 
for transfusion and necessary surgery are avail- 
able. 

Treatment of Shock in the Hospital 

1. The patient is properly positioned. 

2. AU wounds must be investigated to make 
certain that bleeding is controlled. 

3. It is essential to make certain that the air- 
way is clear. 

4. Plasma, or a plasma extender should be 
given until cross-matched blood is available. 
The rate of infusion should be rapid (100 cc 
per minute). After the systofic blood pressure 
rises to 85 mm of mercury the rate of infusion 
may be diminished. 

It is helpful to cut down on a leg or arm vein 
and insert a polyethylene catheter. This also 
facilitates fluid administration during transpor- 
tation or restless motion of extremities. 

5. The patient should be kept warm. 

6. Oxygen is of vakie. 

7. Intravenous morphine sulfate is indicated for 
pain. 

8. Immediate treatment must be given for 
complicating factors such as pneumothorax, hem- 
othorax, continued bleeding, gastric dilation, 
and cardiac tamponade. 

9. In the severely injured patient requiring 
surgery and prolonged shock therapy, insert an 
indwelling catheter and make careful measure- 
ment of the hourly urinary output. Adequate 
colloid and electrolyte should be given to pro- 
vide a urinary output of at least 50 cc per hour. 

10. After the blood pressure has returned to 
normal it is imperative that the patient be kept 
under continued observation. 

11. Vasopressor drugs have proved to be of no 
value in traumatic shock and their use is con- 
demned. 

Burns 

Burns comprise a great percentage of injuries 
associated with aircraft accidents, First and sec- 
ond degree bums are referred to collectively as 
"partial thickness" burns, in contradistinction to 
third degree or "full thickness" burns. First de- 
gree bums are characterized by simple redden- 
ing of the skin. Second degree bums character- 
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istically show blistering as well as erythema. A 
typical third degree burn is pearly-white and 
dry. Partial thickness btlrhs are painful when 
stimulated with a pinprick, whereas full thick- 
ness burns are not painful when pricked with a 
pin inasmuch as the nerve endings of the skin 
have been injured and are no longer function- 
ing. 

The depth of bum is d^ermined by the inten- 
sity of heat and the duration of exposure. Flash 
burns, which are caus^ by exposure to very 
intense heat for a short time, are common in 
the Air Force. Such burns generaUy involve the 
exposed surfaces (face and hands). Goggles, 
gloves, and helmets should always be worn on 
take-offs and landings and when fire is expected 
or encountered in ffight. Oxygen masks offer ad- 
ditional protection for the face. 

Emergency caee. Early treatment is aimed at 
the relief of pain and anxiety, prevention and 
treatment of shock, and prevention of infection. 
If the patient is to be evacuated, it should be 
done within the first 24-48 hours. 

When the patient is first seen, a rapid esti- 
mate of the extent of bum should be made. Se- 
dation, which is indicated in the presetiee of 
severe pain or anxiety, Saust always be given 
intravenously since absorption from subcutane- 
ous deposits is erratic. Morphine, in a dose not 
exceeding 10 mg (grains 1/6), is the drug of 
choice for adults. It should be given slowly. If 
the bum involves more than 20% of the body 
surface, and if the patient caimot be given 
early definitive medical care in a medical instal- 
lation, the patient should be encouraged to drink 
Uberal amounts of a saline-bicarbonate solu- 
tion. This solution is prepared by dissolving 
teaspoon fuU of salt and Va teaspoon full of bi- 
carbonate of soda in a quart of water. If this 
solution is cold it is well tolerated. 

Prevention of contamination is the principal 
objective of emergency local care. Masks should 
be worn by all in attendance and by the patient, 
if his face is not burned. All burned areas 
should be dressed as soon as possible except the 
face. A good gauze dressing is sterile; and com- 
pletely protects all burned areas from the air. 
Do not attempt to apply a definitive dressing at 
the scene of the accident. The sooner the pa- 
tient can be moved to a fixed itistallation, the 
better. Speed is of the essence. If sterile dress- 
ings are not available, clean linen will do. Dress- 
ings should be secured in place without pres- 
sure. 

Eably definitive care. 

Shock. In extensive bums the treatment of 
shock continues to be the primary concern upon 



the arrival of the patient at a fixed installation. 
A large cannula or intravenous plastic tube 
should be firmly secured in a vein, and a Foley 
catheter should be inserted into the bladder so 
that the hourly urinary output can be deter- 
mined accurately. Saline, lactated-Ringer's solu- 
tion (Hartmarm's), plasma, or one of the plasma 
expanders should be started immediately. One 
physician must assume complete responsibility 
for the management of the patient. 

The amount of fluid required for the treat- 
ment of shock can be determined with a .sat- 
isfactory degree of accuracy by the weight of 
the patient, and the extent of the bum. The 
weight of a patient is readily ascertainable and 
the extent of the burn may be rapidly estimated 
by the use of the "Rule of Nines." This mle 
divides the body surface into areas representing 
9% or multiples of 9%. The head and neck and 
each upper extremity represent 9% each. The 
anterior tmnk, posterior trunk and each of the 
lower extremities constitutes 18 percent of the 
body surface each. The perineal and genital re- 
gion occupies the remaining one percent. 

While a formula for the resuscitation of burned 

patients will give only an estimate of the re- 
quirements of replacement fluids in each indi- 
vidual case, the use of a basic formula is felt 
to be indicated. However, it must be remem- 
bered that the clinician must evaluate each pa- 
tient individually and adjust the formula as 
might be indicated from the clinical course. The 
following formula utilized by the Sui^gical Re- 
search Unit at Brooke Army Hospital has been 
found to be veiy adequate in most cases. During 
the first 24 hours postbum, the patient should 
receive cc, of colloid solution per kilogram 
of weight, percent of burn, and 1% cc. of elec- 
trolyte solution per kilogram per percent body 
surface burned. In addition, 2,000 cc, of 5% 
glucose and water are required to cover the 
insensible water loss. In calculating these fluid 
requirements, burns of more than 50% of the 
body surface should be calculated only as a 50 
percent bum. 

The calculated fluid requirements should be 
administered so as to give approximately one- 
half of each of the three solutions in the first 
eight hours postbum, Va, in the second eight 
hours postbum and the remaining quarter in the 
last eight hours postbum. The requirement of 
colloid may be filled by giving whole blood, dex- 
tran, or plasma. Burns of less than 20 percent 
of the body surface probably require no blood 
in the first 24 hours but as the percentage of 
bumed area increases, the amount of blood re- 
quired would increase. Generally speaking, burns 
of over 25 percent where whole blood might 
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be indicated early in their course, sliould prob- 
ably receive approximately one-half of the colloid 
requirement as whole blood, the remaining half 
being given as dextran or shelved plasma, 

The electrolyte requirement in this formula 
is best supplied through the use of lactated 
Ringer sohition. In the absence of lactated 
Ringer solution, normal saline solution may be 
utilized. During the second 24 hours following 
the burn the colloid and elccti-olyte requirements 
of the patient are about one-half the amounts 
required in the first 24 hours. The five percent 
glucose in water requirement remains at 2,000 
cc. to cover the insensible water loss. 

After 48 hours the fluid requirement is prin- 
cipally for glucose and water inasmuch as the 
edema fluid begins to be mobihzed and dimcsis 
will usually begin. Sodium is also brought back 
into the intravascular compartment from the 
edema fluid region and sufficient water must be 
given to keep the serum sodium level in the 
neighborhood of 135 mEq/L. In addition, large 
amounts of potassium in dosages of 60-120 
mEq/day during the diuresis phase. After 48 
hours whole blood is ackninistered as required 
in order to maintain the hematocrit in the neigh- 
borhood of forty-five. 

The rate of urine excretion is by far the 
most important single index in appraising the 
adequacy of therapy. It should be measured 
every hour. An hourly urine output of 30 to 60 
cc, is satisfactory; if it falls below 30 cc. per 
hour, the rate of fluid administration should be 
increased; and if it rises above 100 cc. per hour, 
fluid administration should be curtailed. In the 
early postbum phase, a low urinaiy output is 
usually due to continuing shock. This sliock is 
combatted by the administration of additional 
amounts of colloids and ckx'trolyte solutions. 
When the patient has been adequately resusci- 
tated from his state of shock an adequate urinary 
output will result. 

Bums of the tracheo-bronchial tree are uncom- 
mon and result only from exposure to live steam. 
Inhalation of hot air or smoke in closed spaces 
results in irritation of the respiratory mucosa 
which in turn causes edema of the mucosa with 
secretion of large amounts of mucoid material. 
Bums involving the face and neck cause severe 
edema not only of the skin and subcutaneous 
structures but of the deeper structures of the 
neck and of the oropharynx. This edema is so 
great that the patient is often unable to open 
his mouth. 

Since vomiting occurs frequently in the early 
postburn period, the patient may be unable to 
expectorate his vomitus if this edema has oc- 
curred. Therefore, in cases of true bum of the 



respiratory mucosa, after there has been irritation 
from hot air and smoke, or after extensive burns 
of the face and neck, tracheotomy is indicated 
and should be performed to maintain a free 
and clear airway. 

Local Care. As soon as the patient's general 
condition permits, all clothing and dressings 
should be removed under aseptic precautions. 
The bum area and surrounding intact skin 
should then be cleansed gently with liberal 
amounts of soap. All loose, devitahzed epithel- 
ium should be removed. If the patient is seen 
witliin the first 24 hours, morphine nearly al- 
ways provides adequate analgesia; thereafter, 
a light general anesthetic may be required. 
Fine mesh gauze, either dry or lightly impreg- 
nated with petroleum jelly should be placed im- 
mediately over the burn. Heavily imprecated 
gauze of the kind that is usually available in 
the armed forces is unsatisfactory. Several layers 
of flat, coarse mesh gauze and liberal amounts 
of fluff gauze or mechanic's waste should be 
placed over the fine mesh gauze. The entire 
dressing should then be secured in place with 
some kind of elastic bandage. 

Warning: (1) Circumferential inelastic rolls 
of gauze should not be used at any time. 
There must be room for expansion of the burn 
wound. (2) Mild compression of the bum is de- 
sirable, but pressure should never be used early. 
The bulkier the dressings, the less the dangers 
of excessive compression and impairment of 
circulation. It has been i^roved that x^rossure 
does not limit the extravasation of fluid from 
burned tissues. A dressing that is too loose is 
better than one that is too tight. 

Penicillin is indicated in severe burns for four 
or five days, and on specific indications there- 
after. 

In recent years tlie "exposure treatment" of 
bums has been advocated and excellent results 
have been reported by several investigators. 
This form of local care is indicated in all bums 
of the face and in second degree burns of the 
hands. Its applicabiUty to other areas is at pres- 
ent limited to fixed installations and to bums 
not requiring transportation. 

EyeHds should be sutured together in severe 
bums to prevent contraction and ectropion. Any 
standard blepharorrhaphy technique should be 
adequate; but it should be performed early. It 
may well result in saving an eye wliich would 
Otherwise be lost as a result of drying of the 
cornea, followed by comeal ulceration with in- 
fection. No harm is done if an unnecessary 
blepharorrhaphy is done. In determining sites 
for the denudation and suture location, areas 
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to each side of the pupillary position should be 
chosen so that the patient can see through the 
small palpebral aperture that results. It may be 
necessary in severe bum cases to maintain the 
blepharonhaphy for months. 

If it is beheved that full thickness skin de- 
struction has occurred, plans for evacuation to 
an installation where facilities and personnel 
for grafting are available should be made 
immediately. Nearly all patients can be trans- 
ported in seven to ten days. The initial dress- 
ings should be changed at not longer than 
three day intervals utilizing aseptic technique.s 
and taking cultures at each dressing in order to 
deterrhine the bacterial flora present and the 
antibiotic sensitivity of any organisms found. 
This would permit proper antibiotic therapy 
during this period of the bum therapy. 

HEAD INJURIES 

Diagnosis 

In evaluating the patient with a head injiu-y, 
it is first necessary to resuscitate the patient. 
The initiation of shock treatment, the fixation 
of major fractures, the arrest of major bleed- 
ing, and the first-aid care of chest wounds should 
take priority over any neurological examination. 
When these have been done, the following indi- 
cations of intra-cranial injuries should be con- 
sidered: 

1. The presence of stupor or coma or the history 
of either. 

2. Lacerations or contusions of the scalp. 

3. Inequality of the pupils. 

4. Irregular or periodic respirations. 

5. Pathological reflexes. 

6. Changes or Inetjuality of the deep tendon 
reflexes. 

7. Paralysis. 

8. Bleeding, or leakage of cerebrospinal fluid 
from the ear, nose, or mouth. 

9. Ecehymosis over the region of the mastoid 
( Battle's sign ) . 

Initial Treatment 

1. First is the estabhshment of an adequate 
airway. 

a. Suction the mouth, pharynx, and larynx. 

b. Use surgical airway if needed. 

c. Use endotracheal tube or perform trache- 
otomy in selected cases. 

2. Administer whole blood, plasma, and intra- 
venous fluids. 

Use 5 or 10 per cent glucose in distilled water, 
not saline. 

3. Administer oxygen at 8 liters per minute. 



4. Use salicylates and codeine sulfate for pain. 
Avoid moi-phine aS it masks nemrological signs 

and further depreisses respirations. 

5. Treat restlessness with paraldehyde. 

6. Gently separate the edges of scalp lacera- 
tions and inspect for presence of underlying skull 
fracture, herniation of brain, or exit of cerebro- 
spinal fluid. 

7. Remove gross debris and dress all wounds 
with sterile gauze. 

8. Check blood pressure, pulse, respiration, and 
rectal temperature at fifteen minute intervals. 

9. Check state of consciousness, activity of ten- 
don reflexes, and pupillary signs at frequent 
intervals. 

10. Institute antibiotic therapy in cases of sus- 
pected compound skuU fractures and extensive 

scalp lacerations. 

11. Emergency burr holes should be performed, 
if there are signs of rapidly increasing intra- 
cranial pressure. 

12. Except in the most extreme emergencies, 
all intracranial surgery should be performed by 
a nevirosurgeon. 

EYE INJURIES 

Diagnosis 

In aircraft accidents involving the eyes and 
adnexa, the following steps are necessary to 
evaluate and treat the injury adequately: 

1. Make a careful history determining time, 
character, and conditions of the injury. Naturally, 
an injury requiring immediate treatment should 
be cared for prior to questioning. In most cases, 
however, a few cjuestions will give a much bet- 
ter insight as to character of the injury. 

2. Estimate the visual acuity. A standard eye 
chart is preferred, but cruder methods are ac- 
ceptable (ability to read newspaper print at 13 
inches or count fingers at stated distances) if 
they are accurately reported. 

3. Make a careful examination of the globe 
using good illumination, palpation, and magni- 
fication. 

Cornea. Abrasives may be delineated by stains 
such as 2% fluorescent or aqueous mercuro- 
chrome. The excess stains should be carefully 

washed out of the cul-de-sae prior to observation. 

Lacerations. Extent determined by careful 
inspection with strong focal illumination. 

Ferforatioris. Diagnosed by obvious wound; 
depth of anterior chamber ( which may be shal- 
low or flat); presence of prolapsed uveal tissue, 
lens material, or vitreous and hypotony. 

Tension. Extreme softness (hypotony) sug- 
gests globe rupture; hardness (glaucoma) is due 
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to intraocular hemorrhage or exudate in anterior 
chamber. This is determined by gentle finger 
palpation of the globe. Remember that a boggy, 
edematous lid may feel soft; so make sure that 
the globe itself is palpated. 

4. Carefully examine conjunctiva for lacera- 
tions, subconjunctival hemorrhages, and sviper- 
ficial foreign bodies, especially on the lid mar- 
gins and in the upper and lower cul-de-sacs (the 
upper lid should always be everted when 
searching for foreign body ) . 

5. Examine the hds for lacerations, erojiiysema, 
and crepitation to palpation. Carefully determine 
whether or not the lid is lacerated through and 
through. 

6. Palpatate orbital rim for fractures. 

7. Evaluate motility abOity to follow a flashlight 
or fixation target. 

8. Examine the anterior ocular segment con- 
sisting of coiTiea, anterior chamber, iris (pupil), 
and lens using good illumination and magnifica- 
tion. 

Cornea. Corneal details should be evaluated. 

Anterior chamber (space between comea and 
iris which is usually filled with aqueous). Its 
depth is just over 3 mm, Under certain condi- 
tions the aqueous is altered. Following trauma, 
blood may be present due to rupture of the iris 
vessels (hyphema). Cells and debris may be 
present in such quantity as to form a fluid level 
(hypopyon). This is seen in severe inflamma- 
tion, e. g., infection of the comea. The depth of 
the anterior chamber may vary. If extremely 
shallow or flat, suspect a perforating injury 
either anterior or posterior. Increase in depth 
may indicate posterior subluxation. 

Iris and pupil. Immediately following a con- 
tusion injury of the globe the pupil tends to 
contract, then to dilate (traumatic mydriasis). 
Cardiac slowing, gastric upset and syncope may 
accompany ( oculo-cardiac crisis). A floating 
movement of all or part of the iris upon sudden 
movement of the eye indicates dislocation or 
absence of the lens. Blurring of the iris markings 
or a velvety appearance is due to traumatic 
iritis. The pupil in traumatic iritis is small and 
reacts sluggishly to light. In acute glaucoma fhe 
pupil is moderately dilated and is somewhat 
blurred due to a "frosted glass" appearance of 
the cornea. 

Lens. Contusion of the globe may partially or 
totally dislocate the lens. If partially dislocated, 
the remaining zonular fibers will pull the lens 
to one side and its shiny margin will be seen 
with a hand Hght. If totally dislocated it may 
fall into the posterior chamber or forward into 
the anterior chamber. In either case it is seen 



as an opalescent object with a biconvex surface. 
If dislocation into the posterior chamber the 
lens must be observed with an ophthalmoscope, 
set at least at -f-8. 

9. Examine posterior s^ment, vitreous, and 
retina. 

Location of intraocular opacity. Examine gen- 
eral fundus reflex with ophthalmoscope set at 
-f-B, approximately .5 - 8 inches from the patient's 
eye. The reflex should have a homogenous red- 
orange appearance. Any opacity between the 
comea and retina will appear as a dark shadow. 
This may be caused by blood, foreign body, or 
just aberration in the vitreous body preventing 
normal transmittance of light. The opacification 
can be localized by moving the ophthalmoscope 
beam up and down. Tf the opacity moves down 
when the light moves up, it is in the anterior 
segment. The greater ihe movement, fhe nearer 
it is to the anterior surface. If the opacity does 
not move at all, it is in the lens. If it moves in 
the same direction as the light beam, it is in 
the posterior segment, Movement of the opacity 
itself may be determined by instructing the 
patient to look up and down. Bood and foreign 
bodies tend to remain stationary, while degen- 
erative opacities move about. 

Retina. Examine with ophthalmoscope care- 
fully for abnormalities. Look first at the discs, 
vessels, and macula; then for hemorrhages, 
retinal and/or choroidal tear, and foreign bodies. 
Retinal tears may have several shapes (horse- 
shoe, round, or linear). The border of a retinal 
hole or tear has a dead-white appearance, while 
the charoid seen through the hole has a brighter 
red color than the surrounding retina. The retina 
around the hole may be detached in which case 
it appears elevated, folded, and has a dead-white 
appearance. The greater the elevation, the more 
plus lens will be required to clearly observe the 
retina. Ophthahnoseopic examination should be 
performed as soon as possible after an accident, 
before blood or lefts changes can obscure good 
visibility. 

10. Examine intraocular and orbital foreign 
bodies, 

a. First look for the point of entrance; note 
shape and direction; determine character of 
wounding instrument if possible and whether 
or not it was removed, 

b. Attempt to locate body, if intraocular, 
using hand Hght and ophthalmoscope. 

c. Determine if there could be a double 
perforation using an ophthalmoscope. 

d. Rule out an orbital foreign body. 

e. Get x-rays of the orbit and optic canals. 
Make sure that the penetration is enough to 
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define a foreign body in edema and indura- 
tion. The possibility of multiple foreign bodies 
should not be overlooked. 

f. Determine the nature of the material. The 
heavy metals and organic materials (wood, 
hair, etc.) are very poorly tolerated and 
should be promptly removed. The newer alloys 
such as magnesium, glass, and plastic splinters 
are relatively inert. If the foreign body is intra- 
ocular, the patient should be sent to a spe- 
cialist. 

Treatment of Ocular Emergencies 

The follovring covers the treatment of ocular 
emergencies: 

COBNEAL ABKASION AND FOBEIGN BODIES 

Location. Careful search of the cornea, lid 
margins, inverted conjvmctival surface, and final- 
ly cul-de-sac should be made. On the cornea, 
foreign bodies are usually on the lower halE, 
especially inferonasal quadrant. On the conjunc- 
tival surface a moist cotton applicator is a good 
instrument for removal. If a foreign body can 
not be seen, place a drop of %% fluorescein in 
the cul-de-sac and immedi^ely irrigate with 
saline. The foreign body or abrasion may then 
be seen as a green staining area. 

Removal. Deeply embedded foreign bodies, 
especially those in the pupillary space, should 
not be removed in the field. If superficial, 
anesthetize first with pontocain locally; 

then sweep a sterile, tightly wrapped and 
moistened cotton tipped applicator across the 
area of the foreign body several times. If unsuc- 
cessful, then remove using a sterile 25-gauge 
hypo needle or syringe barrel or a small spud. 
Before attempting removal, however, make sure 
the patient is in a comfortable position with 
head flrmly fixed so that sudden movements 
would be difficult. Use one hand or an assistant 
to prevent fonvard movement of the head. With 
the same hand hold the hds open and instruct 
the patient to fix on a distant target and not 
move the eye. Using the needle obliquely, bevel 
up, remove foreign body and any rust ring as 
much as possible. 

After-care. Irrigate thoroughly with sterile 
saline; instil a mydriatic (1% atropine or 5% 
homatropine ) ; instil antibiotic ointment; apply 
firm dressing and if excessive discomfort give 
analgesia (APC with codeine). 

BtiBNS 

Thermal. Atomic fireball or the sun should not 

be observed directly under any circumstances 
unless assured protection is utilized. Permanent 
retinal bums may be caused. 



Extraocular thermal bums involving lids, 

conjunctiva, and cornea. 

1. Carefully remove charred material from 
the lids. 

2. Irrigate the cul-de-sacs. 

3. Determine corneal involvement by 
fixiorese^in staiiiittg and then treat conser- 
vatively, 

4. If severe involvement of both eyes pre- 
vents ciliary spasm with mydriatic, apply 
antibiotic ointment and modified pressure 
dressing to both eyes and hospitalize. 

5. If severe in one eye and mild in the 
other, treat severely involved eye as above 
and local anesthetic ointment to the other 

eye. 

6. Skin surfaces should be treated if any 
bum. j 

7. The corneal surface will heal rapidly — 
in 24-48 hours. 

Chemical. 

1. Acid — batteiy, etc. Usually superficial 
and nonprogressive. The damage is present 
upon being seen, since the acid immedi- 
ately denatures protein which in turn neu- 
tralizes the acid. Usually penetration is not 
deep. There will be sharp demarcation of 
involved tissues with loosening of the epithe- 
lium, shrinking, and pyknosis of cells. There 
will be no late ulceration or performation. 
Treatment is immediate. 

a. Water in large and profuse quantities 
lavaged through the cul-de-sacs. Power is 
not as important as keeping the eye open 
to the gentle flow of water which should 
not be too cold. 

b. Other fluids may be used — 2% 
NaHCOa, NaCl, etc. 

c. Mechanically wipe out the cul-de- 
sacs. 

d. Atropine 1% to involved eye. 

e. Antibiotic — if severe, give prescrip- 
tion for repeated doses, say every 2-4 
hours for 2-3 days. 

f. Cover eye and have patient return in 
24 hours. 

g. If symptoms persist in 48 hours, send 
to an eye doctor. 

2. Chemical-Ether, HaS, Dinitrotoluene, 
Lewisite, etc. Treat symptomatically and 
send to eye doctor. Good lavage, mechani- 
cal cleansing, atropine 1%, antiseptic, cover 
eye. 
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3. Alkali. 

a. Any bum known to be caused by 
alkali (lye, lime, cement, etc.) should be 
treated as an extreme eye emergency. 
The action of any hydroxide is not treated 
or neutralized by the tissues and the 
chemical will pass readily and rapidly 
into the eye causing dissolution of all 
tissues in its wake. The eye when first 
seen will look relatively quiescent. There 
wiU be no vascular reaction; in fact, there 
may be dead white areas in the conjunc- 
tiva with no visible vessels or thrombosis. 

b. The treatment must be immediate and 
intensive. H2O in large quantities. 

( 1 ) Lavage with saline, H2O, or boric 
acid solution in large quantities as soon 
as possible. 

(2) Mechanical removal of all parti- 
cles in the cul-de-sacs or on the cornea 
and desquamating corneal epithelium 
using saline soaked applicator, 

(3) Acetate buflFer every 3 minutes for 
36 minutes and every hour or two for 
the next 24. The composition of acetate 
buffer is as follows : 

Glacial acetic acid 2.9 cc 

Sodium acetate-trihydrate 6.8 gns 
Zephrine (1:10,000) g.s, 1000.0 cc 

(4) Atropine 1% drops to involved 
eye. 

(5) Antibiotic eveiy 2 hours day and 
night and eye pad. 

(6) Cortisone or ACTH 25 mgm, if 
available (ointment or solution). 

( 7 ) High vitamin therapy. 

(8) An ophthalmologist should be 
called as soon as possible. The reasons 
are as follows: 

(a) There may be advantage of 
paracentesis if withiu the first 20-30 
minutes. 

(b) Tlie necrosis and slough of the 

cornea epithelium and stroma as well 
as conjunctiva may well lead to 
corneal perforation and symblepharon 
with loss of the eye. 

(c) There is danger of secondary 
infection. The immediate treatment 
is the only treatment. 

3. Laceration of the hds. There are several im- 
portant features of such injuries. 

a. Make sure the globe is not involved and 
the lid is not perforated. 

b. Make sure there & no foreign body in the 
wound. 



c. An X-ray of the orbit and skull is ad- 
vantageous to determine fracture, foreign 
body, etc. 

d. The patient should receive tetanus anti- 
toxin. 

e. There is usually indication for chemother- 
apy- 

The usual sterile surgical preparations should 
be observed in lid surgery. 

a. After a thorough prep, the wound should 
be thoroughly probed with tightly wound 
toothpick swab and small forceps. This is to 
determine the extent of the wound and pres- 
ence of foreign bodies as well as to clean the 
traumatized tissues. The bleeding which en- 
sues is not contraindicated since it freshens 
up the wound edges, 

b. Anesthesia may be local block with 2% 
or 4% procaine, several drops of adrenalin 
1:1000, and hyaluronidase if available; if pos- 
sible 2 or 4% xylocaine is also good. 

c. The suture to use is 000 or 0000 catgut for 
the deep tissues and 0000 silk or nylon for 
skin. For the skin, the most satisfactory closure 
is subcuticular if straight; plain, interrupted 
if irregular. Tension points and skin lines 
should be observed carefully. There should be 
no tension on the skin incision. 

If the wound passes through the entire lid, 
probably an eye surgeon should be called If 
none is available, close the conjunctiva with 
interrupted catgut and then the remaining layers 
in such a fashion that no 2 layers of closure 
overlie one another. 

If the wound passes through the lid margin, 
an eye siurgeon should be called. There are sev- 
eral reasons for this: 

1. The lacrimal canalicuh may be involved 
if nasal. 

2. The careful approximation and closure 
of wound is necessary' to prevent nicking 
and post-operative tearing, 

3. Scar foimation may cause symblepharon 
and lid changes which would prevent ade- 
quate closure of the eye with subsequent 
corneal ulceration. 

4. The principles of closure involve careful 
approximation of the white line of the hd 
margin after the wound has been closed 
from the furthest point going toward the 
margin. The layers must be closed in stag- 
gered fashion to prevent continuous scarring 
and the Hd margin should be dimpled out- 
ward to insure a flat edge upon healing. 

4. Blunt nonperf orating injuries: 
a. Get visual acuity. 
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b. The eomplicaticsfls of such injury are 
severe and permanent. The best treatment is 
symptomatic — sedation and analgesia, and 
bed rest. Then patient should be referred to 
ophthalmologist. 

c. Complications: 

1. Hyphemia — secondary, glaucoma (pilo- 
carpine, early paracentesi.s if necessary ) . 

2. Iridodialysis, palsy of sphincter of iris, 
sphincter rupture. 

3. Subluxation of the lens. 

4. Traumatic cataract. 

5. Choroidal rupture — hemorrhage. 

6. Subeonjunctival scleral rupture. 

7. Retrobulbar hemorrhage, 

8. Avulsion of the optic nerve. 

9. Injury to orbit — ftacture involving optic 
canal with exostosis and optic atrophy. 

5. Perforating injuries: 

a. Obvious perforation of the globe should be 
referred at once to the ophthalmologist. 

b. If there is a foreign body present, do not 
remove it unless you are prepared to close the 
wound. 

c. Leave prolapsed iris tissue alone for the 
same reason. 

d. Gently irrigate the globe with sterile sa- 
line; instil 1% atropine and antibiotic oint- 
ment; then cover the eye. 

e. Treatment should be symptomatic. The 
patient may be nauseated. Analgesia, sedation, 
and chemotherapy are indicated. 

f . X-rays and examination to rule out other 
more serious injuries certainly should be done 
if indicated. 

g. The danger of sympathetic ophthalmia 
is always present with injury to uveal tissue 
in perforating injury. Hiere is a safe period 
of approximately 10 days. If this period is 
extended there is serious hazard to the other 
eye, and regular observation is essential. 

6. Comatose patient, facial palsy. If there is 
not good control of Hds and cornea is exposed 
for an extended period, prevent exposure kerat- 
itis by Goyerii^ cornea with heavy ointment — 
vaseline, mineral oil. Eye pad may be used. If 
prognosis for recovery is poor, tarsorrhaphy may 
be necessary, 

7. Air evacuation of patients with intraocular 
hemorrhage or wounds, sever© eye diseases, or 
recent intraocular surgery. They sbould be litter 
patients, and, if possible, flown in pressurized 
cabin aircraft or at low altitudes. 

8. Fractures of the orbit: 

a. There is no part of the orbit which is 



absolutely invulnerable to fracture. However, 
the medial wall is especially thin, formed by 
the lacrimal bone and the paper thin ethmoid. 
The lateral wall has a strong rim and the 
temporahs nnuscle fills the defect behind it. A 
frontal blow on the globe may actually frac- 
ture the apex without rupturing the globe. 
The superior orbital ridge is often fractured 
by a direct blow and in any frontal injury, 
especially in the presence of ecchymosis and/ or 
laceration, a careful X-ray should be made 
with the penetration deep enough to rule out 
fracture. 

b. Facial injuries often include fractures of 
the malar bone which will involve the floor 
of the orbit allowing herniation of orbital fat 
into the maxillary sinus below. In any such 
injury remember to get X-rays, because the 
early ecchymosis will completely bide the en- 
suing sunken globe. Diplopia will be noted 
several weeks after the injury. 

c. Remember to get X-rays of sufficient pene- 
tration to rule out fracture. If the patient 

has had a direct blow over the nose with 
delayed appearance of hemorrhage of the lids 
beware of a deep fracture. The more delayed 
the appearance, the deeper the fracture. 

d. Occasionally, one may note emphysema 
of the lids. On palpation, crepitation will be 
noted and here there will be a communication 
between orbit and nose or sinuses. The usual 
communication is thru the lamina papyracea 
of the ethnoid and the patient should be care- 
fully instructed not to blow his nose. 

9. Check for the three ocular diseases which 
may present themselves as accident cases. They 
are conjunctivitis, iritis, and glaucoma. Each 
case should receive immediate treatment. 

Set-up for Handling Minor Eye Injuries 

The following is a suggested setup for han- 
dling minor eye injuries: 

1. Reclining chair or chair and cart 

2. Good light. 

3. Binocular loupe, if possible. 

4. Ophtlialmic solutions; 

a. Should be in small bottles, well labeled. 

b. Should be used for eyes only. 

c. Solutions should be sterile. They should 
be made up in small quantities and stock 
solutions should not be used, Solutions should 
be prepared by autoclaving and filtering, if 
possible. Zephiran is used normally, but this 
is not a truly adequate antiseptic. In any case 
drugs should be changed every 2-4 weeks, 

d. Drugs should be stable. 
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e. Some may irritate, but this does not eon- 
traindicate use of the drug. 

f. Flurorescein eye strips should be used 
instead of 2% flurorescein solution due to the 
frequent contamination of the latter by pseu- 
domoiias aeruginosa. 

5. A good water supply with tube for irriga- 
tion of cul-de-sacs in chemical injuries. 

6. Sterile water and boric acid for irrigation 
for removal of foreign bodies. 

7. Sterile hypo needles (325), a sharp pointed 
Bard-Parker blade, spud, and dental burr (kept 
clean of rust). A good instrument is a golf club 
spud. 

8. Small picking forceps are useful. 

9. 000 plain catgut and 0000 or 00000 silk or 
dermalen should be available for closure of lac- 
erations around the lids and ocular adnexae. 

10. Sterile eye pads. An eye pad should be 
placed with anchoring tape ( adhesive or plastic 
tape) jtrom forehead to cheek (at least 3 strips 
should be used). 

11. Good antibiotics for eye: 

a. CMotomyein Ointment. 

b. Sodium solphacetamide 30% solution. 

c. Polj^sporin® ung. (Burroughs Wellcome) 
(bacitracin ung. and polymyxin B ) . 

d. Terramydn ophthalmic ointment. 

MAXILLOFACIAL INJURIES 

A patient with a maxillofacial injury poses 
several therapeutic problems; hemostasis; main 
tenance of an airway; restoration of function; and 
attainment of good cosmetic results. 

1. As the head and neck are quite vascular, 
severe primary hemorrhage may occur. If bleed- 
ing cannot be controlled by packing or by pres- 
sure dressing, the responsible vessel must be 
isokted and ligated. It is rarely necessary to 
ligate the external carotid artery. 

2. If respiratory embamssment should occur, 
soft tissues may be kept out of the tiirOat by 
keeping the patient prone on a litter with the 
head partially hanging over the edge of the 
canvas but supported by a head strap or strips 
of blanket tied to the poles, A pin or suture 
may be passed through the tongue or other pro- 
lapsing soft tissue so that the structures may be 
pulled forward to clear the airway. Laryngeal 
edema may develop rapidly. Any ease that 
begins to show signs of respiratory embarrass- 
ment should be observed closely and a tracheo- 
tomy set should be kept at the bedside. A 
traqheotomy is preferable to any other method 
of artificial airway. 

3. Complete roentgenological studies should be 



made as soon as the patient's condition will 
allow. The preliminary treatment of maxillofacial 
injuries should begin as soon as possible, prefer- 
ably within the first six to twelve hours. The 
affected area is cleansed thoroughly and all 
easily accessible foreign bodies are picked out. 
Other foreign bodies are taken care of as part 
of the subsequent definitive treatment. A mod- 
erate debridement is performed. It is important 
to eliminate aU devitalized and contaminated 
tissue in order to reduce the possibilities of sec- 
ondary infection. Adequate dosages of antibiotic 
and tetanus toxoid are given when indicated. 
Since all maxillofacial wounds are considered to 
be contaminated, and the major complication of 
this type of injury is secondary infection, ade- 
quate drainage of all parts of the wound is a 
primary consideration. The treatment of patients 
with maxillofacaal injuries should be carried out 
under local anesthesia whenever possible. If a 
general anesthetic is necessary, intratracheal 
ether is preferred. 

4. The importance of careful and gentle han- 
dling and cleansing of the injured tissue cannot 
be overstressed. On contaminated raw surfaces, 
irrigation with normal saline is all that is neces- 
sary. The application of strong, irritating solu- 
tions such as methiolate, alcohol, tincture of 
iodine, etc., to open wounds merely adds insult 
to injury. In the treatment of these wounds, 
only iiie necrotic tissue must be removed. 
Healthy tissue must be conserved. In closing tis- 
sue, cotton, or 0000 or 000000 silk give best re- 
sults. Care must be taken to suture parallel with 
the plane of the tissue cleavage. Interrupted su- 
tures are less traumatizing. Skin should be care- 
fully closed with 0000 or 00000 eye silk on a 
small needle. This gives best anatomical as well 
as cosmetic results. Fractures involving the floor 
of the orbit with depression of fragments into 
the antrum should be reduced as soon as possible 
via transantrial approach. Fragments should be 
held in place for ten days by means of a petrol- 
eum jelly gauze pack in the antrum. 

5. The standard routine of postoperative care 
is the same as for any other surgical case. How- 
ever, the patient should be observed closely for 
seventy- two hours for two reasons: 

a. To watch for any impending edema of 
larynx. 

b. Neurological injuries — a great many pa- 
tients with maxillofacial injuries also have 
intracranial complications. These may some- 
times be overlooked. Beware of an overzealous 
attempt to treat the obvious maxillofacial in- 
jury. All patients with an injury about the 
head should have their respiration, pulse, 
blood pressure, and state of consciousness 
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checked every half hour for forty-eight hours. 
Under no circumstances should a patient 
with a head injury be given any narcotic or 
hypnotic. 

Diagnosis 

I. Fracture of the maxilla 

1. Edema over middle portion of face; 

2. Eyelids swollen with ecchymosis; 

3. Epistaxis usually present; 

4. Face assumes an elotigated appearance; 

5. May have di£Beult occlusion on injured 
side; 

6. Palpation reveals mobility and crepitation 
at site of fracture; 

7. X-ray. 

II. Fracture of the nose 

1. Epistaxis; 

2. Edema of soft tissues; 

3. Ecchymosis of eyehds and conjunctival 
hemorrhage; 

4. Nasal obstruction due to edema and hem- 
orrhage; 

5. Palpation reveals tendCTness and crepitus 
over site of fracture; 

6. May seem obvious change in the contour 
of the nose; 

7. X-ray. 

III. Fractures of the zygoma 

1. Face appears flat on the side of the in- 
jury. In bilateral fractures, face has a "horse 
face"; 

2. Diplopia is often present — due to edema 
of orbital soft tissue; 

3. Fracture is demonstrated by comparing 
normal with injured side along infraorbital 
margins. A notch or depression may also be 
felt; 

4. If zygomatic arch is displaced inward 
against the process, a noticeable restriction of 
the movements of the mandible result; 

5. These fractures are often associated with 
fractiu-e of the maxilla with depression into 
the antrum. 

IV. Fractures of the mandible 

1. Vary acscordingly with location and degree 
of fracture; 

2. Localized tenderness at site of fracture; 

3. Abnormal inability of teeth to meet on side 
of fracture line; 

4. Edema over jaw; 

5. Distortion of the face; 

6. Disturbance in occlusion; 



7. Laceration, ecchymosis, crepitation over 
mucosa; 

8. X-ray. 

V. Complex fractures of the face 

Most commonly involved combination of frac- 
tures mentioned above. Symptoms are a com- 
bination of those mentioned in individual 
fractures. 

X-ray is a most valuable aid. 

The most complete and thorough reference 
of maxillofacial injuries is "The Surgical Treat- 
ment of Facial Injuries," by Varaztod H, Bazon- 
jian, M.D. and John M. Converse, M.D. 

Neck 

In nonfatal accidents, major injuries of the 
neck are infrequent; however, the possibility of 
fracture of the cervical vertebra exists when 
occupants have been throvm from the aircraft 
or subjected to abrupt deceleration. In fatal 
accidents, cervical fracture or dislocation with 
transection of the cord is occasionally the pri- 
mary cause of death. 

INITIAL MANAGEMENT OF THORACIC 
INJURIES 

The management of thoracic injuries is (tf 
considerable importance because of the readily 
alterable cardio-respiratory physiology of the 
chest per se. 

Patients sustaining injuries to the chest fall 
into three groups: first, those in whom the initial 
injury is so great that an almost instantaneous 
death occurs; secondly, those patients whose 
physiology is not actually or potentially altered, 
and who will survive even if not given treat- 
ment; and the third group, the one in which we 
are primarily concerned, consists of the patients 
whose initial injury was not fatal, but who will 
succumb to progressive physiological changes if 
not promptly treated. 

The initial treatment of thoracic injuries is 
concerned with the correction of disturbed 
cardio-respiratory physiology; the diagnosis of 
continued intrathoracic bleeding and the control 
fliereof; the prevention of infection; and the 
treatment of shock. Of these, only the manage- 
ment of physiological changes is peculiar to the 
chest. The principles of hemorrhage control, 
prevention of infection, and the treatment of 
shock are the same as for any otiier body injury. 

Types of Thoracic Injuries 

There are several important emergency condi- 
tions which arise as the result of chest injuries. 
These are: retention of bronchial secretion; par- 
adoxical respiration due to sucking wounds 
or flail chest; tension pneumothorax; cardiac 
tamponade and massive hemothorax. The mech- 
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axdsm erf production and the principles of treat- 
ment of these conditions are simple but, if not 
understood and recognized, lead to the majority 
of complications that follow thoracic injuries. 

Shock in Thoracic Iniuri«s 

As in all eases of shock following any injury, 
the best treatment is blood replacement with 
whole blood. Only where blood is not available 
should plasma, fluids, or plasma substitutes be 
used. 

PosrrrON of paitcnt. The position of the pa- 
tient who is in shock associated with a chest 
injury is of considerable importance. The ideal 
position for all chest injuries is either upright 
or semi-sitting to aid in coughing. However, pa- 
tients in shock cannot be elevated. 

If the patient is hypotensive, but not cyanotic, 
he may be put in the Trendelenburg position. 
If he is hypotensive and cyanotic, he should be 
put no lower than the supine position. As soon 
as the hypotensive state is corrected, the patient 
should be elevated to the semi-sitting position. 

Retention of sechetions. The retention of 
bronchial secretions may be due to severe chest 
wan pain; abnormal mobility of the chest wall; 
or supx^rcssion of the cough reflex. 

All patients in whom there are retained bron- 
chial secretions, regardless of cause, should have 
immediate naso-tracheal aspiration. This is easily 
done by inserting a 16F urethral catheter through 
the nose into the pharynx. The neck is then 
flexed upon the chest, and the head extended 
on the neck. The patient is instructed to take 
several deep breaths. The catheter is then in- 
serted into the trachea while the vocal cords 
are relaxed in inspiration. Suction is applied after 
the catheter is in the trachea. Each side of the 
bronchial tree may be selectively aspirated by 
slightly withdrawing the catlietor and reinsert- 
ing deeper into the bronchial tree. There is the 
occasional patient in whom adequate bronchial 
toilette can only be obtained by bronchoscopy. 
It must be borne in mind that there are some 
patients with associated severe facial and head 
injuries which make repeated aspiration and 
bronchoscopy infeasible. An early low tracheo- 
tomy should be performed in these patients. 

Chest wall pain. Severe chest wall pain may 
cause the retention of bronchial secretions by 
causing the patient to splint or immobilize the 
chest wall interfering with adequate coughing. 
These patients should not only have bronchial 
aspiration, but should be afforded some reUef of 
their pain. The strapping of the chest with ad- 
hesive is not advisable, since it only increases 
the immobility of the chest wall and further 
decreases the ability to cough. An intercostal 



block is the best method of pain relief. This is 
done by injecting the inferior margin of the rib 
near the angle of the rib. The block is usually 
made so as to extend from two interspaces 
above to two interspaces below the injured area. 
Bilateral blocks are not contraindicated. If the 
patient is to be transported for a long distance, 
and the facilities are available, it is sometimes 
advisable to insert polyethylene tubes into the 
desired intercostal bundles so the block may be 
maintained by the nurse or attendant in transit. 

Suppression of the cough reflex may be due 

to intracranial injuries or to over sedation with 
opiates. In either case, the primary cause should 
be treated; in the meantime all bronchial secre- 
tions should be kept clear. 

Open chest wounds. Paradoxical respiration, 
whether due to open chest wounds or a flail 
chest, may rapidly lead to serious consequences. 
Open chest wounds produce great changes in 
the cardio-respiratory physiology because the 
negative intrapleural pressure is replaced by 
atmospheric pressure. The size of the chest wall 
opening plays an important part in the degree 
o£ physiological alteration. If the chest opening 
is smaller than the glottis, there is generally 
little mediastinal shift, and it is usually quite 
well tolerated by the patient. However, if there 
is an opening larger than the glottis, marked 
mediastinal shift will likely occur, and great 
interference with respiration will be evident. 
Unless the mediastinum is fixed from sooie pre- 
vious disease, it will swing back and forth with 
each respiratory cycle. This not only compresses 
the lung on the contralateral side, but markedly 
interferes with the venous return to the heart. 

All open wounds should be closed as soon as 
possible. Emergency occlusion of the wound with 
a petroleum jelly gauze or a pack will usually 
suffice until the patient can be transported to 
a point of definitive care. At the time of definitive 
care, the patient should have a general endo- 
tracheal anesthesia, and the principles of all 
wound care should be followed. There should 
be adequate debridement of the wound with 
development of facial and muscle planes, and 
removal of all devitalized tissue of foreign bodies. 
The underlying lung should be inspected for 
active bleeding and controlled. Then, if possible, 
the wound should be closed airtight in layers. 
The chest is drained by the intercostal under- 
water drainage system. 

Flau. chest. Flail chest wall produces the 
same physiological alterations as an open chest 
wound, without an actual communication be- 
tween the pleura and the atmosphere. This 
occurs primarily when the sternum is disarticu- 
lated from the costal cartilages. The emergency 
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care in these cases consists of intercostal blocks 
and immobilization of flie chest wall by pressure 
dressings or sand bags. If available, towel clips 
and traction irons will give more adequate stab- 
ilization. The definitive treatment consists of 
traction or wiring of the broken rib fragments. 

Progressive Tension Pneumothorax 

The term "progressive tension pneumothorax" 
indicates that a pneumothorax is present in 
which the pleural pressure is greater than atmos- 
pheric pressure. This results in a total collapse 
of the lung on the affected side, a constant 
mediastinal shift with resultant compression of 
the contralateral lung. This condition iS mani- 
fested by marked dyspnea and air hunger with 
a variable degree of cyanosis. The chest has a 
characteristic base-drum sound to percussion and 
greatly decreased breath sounds. The condition 
results from either a chest wall or lung injury 
in which air is forced into the pleural cavity dur- 
ing respiration but cannot escape a so-called ball 
valve effect. Repeated aspirations should be 
done with pressure reading. Increasing pressure 
is an absolute diagnosis of the condition. 

Tension pneumothorax may be a rapidly pro- 
gressive and quite readily fatal condition unless 
treatment is quickly instituted. The treatment 
consists of decompression; intercostal block for 
relief of pain; maintenance of a clear airway. 
The best method of decompression consists of 
intercostal catheter drainage with a water seal 
system. In an emergency, multiple repeated 
thoracentesis may be done. This condition is 
freqm-ntly associated with mediastinal emphy- 
sema, especially if there is an intrapuhnonary 
rather than chest wall air leak. The emphysema 
will canse some obstruction to the venous re- 
turn of the heart. 

Cardiac Tomponode 

Cardiac tamponade is usually the result of 
wounds which penetrate the chest in the area 
where the pericardium is not covered by pleura, 
so that the heart is injured without opening the 
pleural space. In this case, blood rapidly fills 
the pericardial sac from flie heart injury, and 
distends the sac. This displaces the pericardial 
opening away from the chest wall opening and 
effectively blocks the escape of blood. As a 
result, the intra-pericardial pressure rises until it 
seriously impedes the venous return to the heart. 
If the pressure continues to rise, cardiac stand- 
still will result. 

The physical signs of cardiac tamponade are 
classical. They consist of low or normal arterial 
pressure; low pulse pressure; high venous pres- 
sure with distended neck veins; slow heart rate. 

The immediate treatment of cardiac tampo- 
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nade consists of pericardiocentesis. This is best 
performed through the left costoxiphoid route. 
A long large (14 or 15 gauge) needle is used. 
The needle is inserted below the costal margin 
near the tip of the xiphoid process, and directed 
upward at a 45° angle. After the needle is thus 
inserted for approximately 4 to 5 cm, the im- 
pression obtained is that of entering a cavity. 
This is usually the pericardial sac. If unable to 
obtain blood at this time the needle is cautiously 
inserted farther with constant aspiration until 
blood is obtained or cardiac pulsations are felt. 
Usually the removal of only a small amount of 
blood (10 to 25 cc) will give marked relief of 
symptoms. If, after complete aspiration of the 
pericardial sac, tamponade rapidly recurs, the 
patient should be subjected to open operation. 
If the tamponade recurs slowly over a consid- 
erable period of time, aspiration should be re- 
peated. 

Hemo-pneumothorax and Hemothorax 

Hemo-pneumothorax and hemothorax produce 
the same symptoms and altered physiology as 
a tension pneumothorax. There is marked dysp- 
nea and cyanosis, with significant reduction of 
lung volume and vital capacity. 

The emergency treatment consists of needle 
aspiration of the pleural space with the removal 
of as much blood as feasible. If possible, the 
chest should be drained completely dry. Re- 
peated taps should be made. Air should not be 
instilled in the pleural cavity to replace the blood 
that has been withdrawn. Shock therapy with 
blood replacement should be instituted as rapidly 
as feasible. Oxygen should be administered 
whenev<!r available, and an intercostal block 
performed for pain relief. All intrathoracic 
bleeding should be controlled. If the bleeding 
is not controlled by conservative measures, a 
thoracotomy should be performed. Continued 
bleeding is usually due to intercostal or internal 
mammary vessel injury. Injuries to the large 
intrapulmonary vessel (e.g., aorta, pulmonary 
vessel) are rapidly fatal. Indications for thora- 
cotomy to control intrapleural bleeding are the 
following: rapid reaeeumulation of blood after 
complete aspiration; persistent shock after the 
administration of adequate blood; and con- 
tinued evidence of pulmonary compression. 

Thoraco-Abdominal Wound 

Thoraco-abdominal wounds present an im- 
mediate and often formidable medical problem. 
The thoraco-abdominal lesions are frequently 
the result of tears of a viscus or of blood vessels. 
These may cause intrathoracic or intra-abdominal 
hemorrhage which is both progressive and mas- 
sive. Such lesions are often difficult to diagnose 
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and may be defiant to intervention. Concern- 
ing remediable lesions in the thoracic area, 
bleeding intercostal arteries secondary to rib 
fractures should always be considered. 

Abdominal lesions require surgical attention, 
particularly repair of a viscus or removal of the 
spleen. 

ABDOMINAL WOUNDS 

In evaluating the patient with abdominal 
wounds the injuries may be divided into two 
classes: 

1. Non-penetrating wounds; These include 
wounds of the abdominal wall, such as lacera- 
tions, and wounds which perforate a part of the 
abdominal wall without entering the peritoneum, 
and also intraperitoneal injuries which are pro- 
duced without penetration or perforation of the 
abdominal wall, such as blast injuries, or those 
due to miscellaneous direct or indirect blunt 
forces. 

2. Penetrating and perforating wounds: Per- 
forating wounds of the abdominal wall may be 
accompanied by penetration of either a solid or 
a hollow viscus. In the evaluation of wounds of 
the abdominal wall extreme care must be taken 
in making a diagnosis of a ruptured hollow vis- 
cus. In many cases it is difficult to make a 
differential diagnosis of a simple perforating or 
penetrating wound of the abdominal wall and 
one in which a hollow or a solid viscus had been 
perforated. All pentrating wounds must have 
laparotomy. 

Diagnosis 

1. Inspection of the abdomen — The external 
abdominal wall should be inspected closely to 
determine the extent of the external injuiy. It 
should be examined to determine the wound of 
entry and the wound of exit in order to evaluate 
the extent of the extraperitoneal injuries or to 
determine if evisceration has occurred. In any 
case, whether the patient is conscious or «o*, 
especially if there is a contusion of the shin, the 
abdomen should be examined repeatedly, keep- 
ing in mind the possibility of a lesion of the 
viscera. 

2. Palpation — Board-like rigidity with extreme 
pain usually indicates that there is a wound of 
the gastrointestinal tract. Rectal examination 
should be performed; blood on the gloved finger 
may disclose bleeding from a wound of the 
colon or perforation as in the ano-rectal region. 

3. Percussion — Percussion may reveal shifting 
dullness due to blood in the peritoneal cavity or 
abnormal dullness in the flanks. 

4. Auscultation — Auscultation of the abdomen 



may detect a silent abdomen which may indi- 
cate the presence of ileus or peritonitis. 

5. Blood pressure — Blood pressure dstermina- 
tion should be made immediately following in- 
jury and at regular frequent intervals. 

6. Roentgenologic examination — Roentgeno- 
logic examination frequently yields information 
concerning the location of missile, obliteration 
of the psoas shadow due to intra-abdominal 
hemorrhage, or the presence of air following 
rupture of a hollow viscus. 

Treafmenf 

1. Shock — A patient in shock should be given 

whole blood or plasma. 

2. Opiates — Opiates should not be adminis- 
tered. 

3. Introduction of Levine tube into the stom- 
ach, and a catheter into the urinary bladder. 

4. Oral fluids or solid foods should not be 
administered. 

5. Administration of tetanus toxoid. 

6. Sterile dressings should be applied. 

7. In case of evisceration a thorough examina- 

8. In case of evisceration a thorough examina- 
tion should be made to determine if any large 
vessels have been perforated and, if so, imme- 
diate ligation of these vessels should be made. 
In the event of an evisceration through a small 
abdominal wound, application of large amounts 
of moist gauze should be made and held in 
place with adhesive strapping. 

9. The patient should be immediately evacuated 
to a hospital with complete surgical facilities. 

SPINAL INJURIES 

Among the most frequent major injuries 
incurred in aircraft accidents are vertebral 
fractures. These are usually associated with 
moderately severe decelerative forces, and are 
especially prone to occur in crash landings of 
fighter aircraft. The fractures usually involve 
the lower thoracic or upper lumbar area and it 
is frequent to have two or more vertebra in- 
jured. The type of fracture ordinarily encoun- 
tered is compression of the vertebral body espe- 
cially of the upper anterior lips, aldiough 
fractures of the articular facets of the lamina 
or the process may occur. Cord injury is infre- 
quent except in cervical fractures. The high 
incadence of vertebral injury indicates that this 
type injury should be suspected in all cases 
where survivors evidence any type of complaint 
referable to the spine or back. 

The prime consideration in fractures of the 
spine is the prraence of, or the potential occur- 
rence of, injury to the spinal cord. All first-aid 
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measures are directed toward the prevention of 
injury to the spinal cord, or if already present, 
the alleviation of bony pressure on the spinal 
cord and prevention of further injury. 

Diagnosis 

Patients with any of the following signs should 
be tmated for fracAures of flie spine: 

1. Pain and tenderness over the spine. 

2. An\' deform ibv' of the spine, 

3. Abnormal mobility or motion of the spine. 

4. Presence of any neurologic^ signs or symp- 
toms that are indicative of spinal cord or nerve 
root injuries. 

a. Weakness or paralysis of aiiy part of the 
body distal to the spinal injury. 

b. Hypesthesia or anesthesia of any part of 
the body distal to the spinal infury. 

c. Abnormal deep tendon reflexes. 

d. Presence of pathological reflexes (Bab- 
inski, etc. ) . 

e. Loss of sphincter control of the bladder or 
rectum. 

Treatment 

Treatment of spinal injuries may be divided 
into two groups — tiamely, those involving the 
thoraco-lumbar and cervical spine: 

1. Cervical spine injuries 

a. The patient is placed in a supine position 
with the head and neck well extended. This 
can be facilitated by placing an object such 
as a small roll of sheet or a sand bag beneath 
the shoulders. Traction on the head should be 
carried out immediately by either an impro- 
vised halter or Crutchfield tongs. Some form 
of traction should be instituted before trans- 
portation; 

b. The head should be prevented from rotat- 
ing on the neck by placing a sand bag or 
other heavy object on either side of the head; 

c. If respiration is embarrassed, artificial 
respiration and nasal oxygen should be ad- 
ministered; 

d. Combat shock with blood, plasma and 
intravenous fluid. 

2. Injuries of the thoraco-lumbar spine 

a. The patient is placed in the supine posi- 
tion with the spine hyperextended. This can 
best be accomplished by placing a small 
blanket roll tmder the back at the level of 
the injury; 

b. If the patient is to be trmisported, he may 
be placed in either the supine position with a 
roll beneath the back or, if a blanket or other 
makeshift litter is to be used, he should be 



placed in the prone position to keep the back 
hyperextended ; 

c. Hypnotics and analgesics may be admin- 
istered to alleviate pain and restlessness; 

d. Combat shock; 

e. Never allow the patient to sit up, stand up, 
or flex his spine. 

URINARY TRACT INJURIES 

A. Kidney and ureter 

Injuries of the kidneys may be divided into 
two categories: penetrttting or subparietal. 

1. Penetrating injuries almost always require 
immediate surgery. 

2. Subparietal injuries should be considered 
serious until proved otherwise. 

A careful check may reveal the following 
diagnostic signs. 

1. Abdominal palpation of a mass, tenderness, 
and abdominal muscle spasm. 

2. Urinalysis which shows blood, microscopic 
or gross. 

3. Renal function may be impaired. 
Cystoscopy may show associated bladder in- 
volvement. Excretory urography may help in 
diagnosing and determining the extent of the 
injury. Initial treatment will consist of: 

1. Treatment of shock by replacing blood and 
fluids, elevation of extremities and warmth; 

2. Treatment of pain, but not masking abdom- 
inal signs by overdosages; 

3. Surgical exploration is urgent. 

B. Rupture of bladder 

The rupture of the bladder may be divided 
into two categories: intraperitoneal and extra- 
peritoneal. 

1. Intraperitoneal ruptures are usually noted 
in a patient who desires to void and cannot, 
and whose pain is in the lower abdomen. He 
may be in profound shock and his abdomen 
may show progressive signs of peritoneal irri- 
tatiCm. 

2. The extraperitoneal ruptures may give few 
symptoms at first. A failure to pass urine should 
be considered a rupture; however, even if the 
patient is voiding easily, rupture must still be 
kept in mind. 

The following diagnostic measures may be 
tried: 

1. Catheterization yielding bloody urine is 
highly suggestive. 

2. The bladder tonicity may be lost. 

3. Es:cretory urography should be done but only 
if the patient is in good condition. 

Cystoscopy and retrograde pyelography may 
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reveal other damage, but such examination 
siiould be reserved for the experienced. 
Tlie faimediate care will consist of : 

1. Combating shock. 

2. Replacing blood. 

3. Treating pain. 

Early surgical exploration is indicated if there 
is any doubt of conditions. 

C. Rupture of the urethra 

Rupture of the urethra will usually be very 
similar to rupture of the bladder; but there naay 
be very few signs at first. The extravasation of 
the urine may involve the perineum, scrotum or 
penis. With great care a very aseptic catheteri- 
zation may be attempted with the appropriately 
sized catheter and minimal pressure exerted. If 
this fails, do not try further catheterization. 

Diagnostically, rectal examination may reveal 
a posterior urethral bulge. The patient may or 
may not be able to void and there may be 
bloody urine. These patients may be in profound 
shock. 

The immediate care will consist of: 

1. Combating shock. 

2. Replacing blood. 

3. Treating pain. 

4. Early exploration surgically if there is doubt 
regarding the presence of a rupture. 

D. Straddle injuries to the urethra 

These injuries should be investigated, jparticu- 
larly for rupture of the urethra which may 
easily be present. The same procediu-es and 
caution as outlined in rupture of the urethra 
should be followed. 

In all severe injuries to the lower portion of 
the abdomen or pelvis, the following rules 
should be remembered: 

1. Always examine for blood at the external 
meatus. 

2. If the patient cannot void and rupture of 
the urethra is not evident, an attempt should 
be made to pass a catheter with aseptic pre- 
cautions. 

3. Look for other evidence of injury in the 
lower part of the urinary tract as in ruptured 
bladder. 

4. Do not wait for refined aids. Early explora- 
tion and drainage are indicated. 

5. Treat shock, alert surgical team. 

E. Fracture of the pelvis 

Fractures of the pelvis are less common than 
fractures of the vertebral column. The rami of 
the ischium are the usual sites, and when these 
bones are fractured tliere is frequently a partial 
separation of the pubic bones at the symphysis. 



Fractures through the acetabulum occasionally 
occur, and may be complicated by a fracture 
dislocation of the upper articular extremity of 
the homolateral femur. Fractures in the region of 
the sacroiliac joint are rare. 

Fractures of the pelvis qiu'te frequently cause 
rupture of the urethra and bladder, and it is 
imperative that the urinary tract be investigated 
if there is hematuria or dysuiia. 

The region of pain would indicate which area 
to txjnsider for possible urinary tract trauma. 
F. Scrotum and perineum 

The scrotum and perineum are often lacer- 
ated when the rami of the ischium are fractured. 
Contact with the seat and the action of large 
vertical forces seem to be important casual 
factors, although in some cases there have been 
reasons for suspecting that the parachute har- 
ness may have contributed to the production of 
the lesions. 

INJURIES OF THE LOWER EXTREMITIES 

Injuries to the extremities may be divided into 
two groups — namely, those involving soft tis- 
sues, and those involving the bony structures. 
Frequently, one will encounter injury to both 
the soft tissue and bony structures in the same 
patient. 

A. Simple fractures and dislocations 

1. In dislocations one looks for: 

a. Deformity of the jomt; 

b. Pain and tenderness about the joint; 

c. Partial or complete loss of normal motion; 

d. Abnormal mobility; 

e. A positive diagnosis should and must be 
established by the X-ray findings. 

2. Treatment of dislocations; With the excep- 
tion of dislocations of the hip an attempt at 
reduction may be made by applying steady 
straight traction to the portion of the extremity 
distal to the dislocation with counter traction 
being applied to the proximal portion of the 
extremity. Whether or not a reduction is effected, 
the injured part should be immobilized with 
splints, plaster cast or Thomas splint, and the 
patient evacuated to the nearest hospital with 
orthopedic facilities for definitive care. In the 
case of a dislocated hip, the leg should be im- 
mobilized in a Thomas splint and the patient 
evacuated to the nearest hospital without any 
attempt at reduction being made in the field. 

3. Simple fractures: In all cases of suspected 
fracture the patient should be X-rayed at the 
earliest possible time to establish a definite 
diagnosis. The fracture should be suspected if 
any of the following are present: 
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a. Pain and tenderness; 

b. Abnormal mobility of the affected part; 

c. The presence of crepitus; 

d. Deformity of the affected part; 

e. Swelling of the affected part. 

4. The first-aid treatment of fractures of the 
femur and upper two-thirds of the tibia and 
fibula consists of inunobihzation of the extrem- 
ity in a Thomas splint. In the distal tibia, fibula, 
ankle, and foot, immobilization with a splint 
such as a piUow and sides may be used. The 
patient should be transferred as soon as possible 
to a hospital where X-rays may be taken and 
definitive treatment (i. e., open reduction, bal- 
anced traction with a Balkan frame, or applica- 
tion of a plaster cast ) can be carried out. 

B. Compound fractures and dislocations 

In any case where a fracture or dislocation is 
suspected, and where a flesh wound is present 
in the vicinity of the suspected dislocation or 
fracture that could possibly be associated with 
the bone injury, it must be considered a com- 
pound fracture until proved otherwise. The 
treatment consists of covering the wound with a 
sterile dressing and immobilization of the part 
as outlined above. The patient should be evacu- 
ated immediately to a hospital for surgical 
debridement and open reduction. If there is to 
be any appreciable delay between the time of 
injury and the time the patient will reach the 
hospital, he should be given antibiotics, tetanus 
toxoid, and gas gangrene antitoxin. 

C. Soft tissue injuries 

Soft tissue injuries may result from crushing 
of the part, penetration of the extremity by a 
missile, or pressure on or laceration of soft 
tissue structures resulting from dislocations or 
fractiues of bones. 

1. From a first-aid point of view, hemorrhage 
from a major artery or vein is of first and fore- 
most importance. In cases of massive and con- 
tinuous hemorrhage, a tourniquet may be applied 
to the extremity proximal to the site of injury 
and must be appHed tight enough to stop 
arterial bleeding. If the toumiquet pressure is 
not sufficient to stop the arterial bleeding, more 
harm than good will be done. Except in the 
above mentioned cases of massive hemorrhage, 
bleeding is better controlled by pressure dress- 
ings. 

2. Spasm, obstruction, or compression of a 
major artery can result from crushing injuries 
of many types. The spasm may be so severe 
that it simulates actual occlusion. Some of the 
common signs manifested are as follows : 

a. Diminished or absent arterial pulsations 
at, and sometimes above, the Injured area; 



b. Cyanosis, pallor, or both; 

c. Coldness, sometimes associated with per- 
spiration; 

d. Usually severe pain; 

e. Absence of oscillometric reading at or 
above the site of spasm or occlusion. 

These signs may also be present if the patient 
is in shock; but the two may be distinguished 
by the fact fliat in the presence of shock all 
four extremities would be equally involved, 
whereas in the case due to local trauma only 
one extremity would be involved. 

3. Neurological injuries may be coexistent with 
vascular injuries or may occur separately. 

4. Initial treatment for vascular injuries should 
consist of: 

a. Treatment of systemic shock or hemor- 
rhage; 

b. Reduction or immobilization of such causa- 
tive fractures or dislocations as may be 
present; 

c. Maintaining patient in prone position. 
Elevation of the extremity, application of 
local heat, and surgical intervention without 
demonstration of the existence and definite 
site of arterial occlusion is contraiudicated; 

d. Maintaining total body heat; 

e. Opiates as indicated; 

f. Institution of methods to reduce primary 
or secondary vasospasnij such as the use of 
vasodilating drugs, sympathetic blocks and, 
rarely, surgical sympathectomy; 

g. Provided a thrombus exists, and the exact 
location has been demonstrated, surgical em- 
bolectomy as early as possible is indicated; 

h. If possible major arteries should be re- 
paired by surgical exposure and suture or 
resection of injured segment. 

INJURIES OF THE UPPER EXTREMITIES 

The general considerations for injuries of the 
upper extremities are identical with those 
mentioned under injuries of the lower extremi- 
ties. Treatment of fractures and dislocations of 
the upper extremity varies from that of the 
lower extremity only in the form of immobiliza- 
tion, as follows: 

A. Dislocation of the shoulder and fractures 
of the humerus should be immobilized with the 
elbow at 90° flexion. The entire arm should be 
held firmly to the trunk with straps, triangular 
bandages, and/or elastic bandages. 

B. In fractures of the forearm, wrist, and hand, 
splints may be used to iminobilize the part, and 
thei ami can tlien be placed in a sling with the 
elbow at 90 flexion. 
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The medical investigation to engage these 
problems falls into two categories. ( 1 ) Inquiry 
into the cause of injury. (2) Inquir\' into the 
human factors which may have caused the acci- 
dent. These are as follows : 

1. Cause of injury 

Ordinarily this phase of the inq^uiry is pursued 
first In a typical accident, the following areas 
need to be explored and arc usiTally engaged 
more or less in the sequence given. 

a. Nature of Injury: The immediate concern 
of any physician attending an accident is giving 
professional aid to those who may be injured. 
Therefore, the first action is to determine the 
nature and extent of such injury in order that 
treatment may be given where most needed. 
However, beyond the need for knowing what 
treatment must be given, there is need to know 
many details concerning the injury, whether it 
be serious or trivial, for the injuries sustained 
are the most fundamental of all exhibits con- 
cerning the malevolence of the accident. Only 
from this evidence can the injurious forces and 
objects be mea.sured or traced. All too frequently, 
descriptions of injuries are so casual that it is 
subsequently impossible to determine the direc- 
tion of the blow which caused a skull fracture, 
or to identify the objects which caused death. 
In thi.s respect, there is a professional obligation 
not only to attend the injured, but to carefully 
observe all lesions in order that they may be 
correlated with the cause, and such causes sub- 
sequently eliminated. 

b. Escape and Stirvival: Coincident with 
appraisal of injuries, it is necessary to know 
whether or not such injuries were in(^vitable 
under the circumstances encountered, or whether 
they were compounded by inadequate provisions 
for escape and sm'vival. Many burn injuries 
would not have occurred had reliable escape 
mechanisms been provided, and many sprains 
and fractures have resulted because escape 
hatches or exits were so Situated that injury 
was almost inevitable if they were used. All such 
observations form a basis for remedial action. In 
connection with military accidents, injuries in- 
curred in connection with bailouts and ejections 
need also be evaluated. 

c. Forces of Deceleration: Directly correlated 
with injiuy are the forces to which the occupant 
is subjected. It is apparent that when extremely 
high or explosive deceleration forces are encoun- 
tered, the human structure cannot withstand the 
trauma regardless of protection offered. However, 
frequently there is injury even though the impact 
forces were slight or moderate. In these cases, 
there is an indictment against protective equip- 
ment. Without knowing or estimating the force 



and direction of such force, it is difScult to deter- 
mine whether or not structural improvements 
should be made. A large number of vertebral 
fractures occurred in crash landings of jet air- 
craft before it became apparent that the slap- 
down force of impact was causing the occupant 
to sink deep into the scat cushion which negated 
the restraint of his shoulder harness and allowed 
him to jack knife forward over the lap belt. It 
was only when aeromedfcal observations on the 
magnitude and force of deceleration were made 
that this cause was discovered and subsequently 
alleviated by providing more resistant seat 
cushions. 

d. Restraining Equipment: The majority of 
injuries incurred in aircraft accidents are either 
due to the occupant being thrown upon impact 
or due to inadequate restraint of head or extrem- 
ities with their resultant flailing during abrupt 
deceleration. There are very fundamental obser- 
vations to be niade in these areas. The first has 
to do with the effectiveness of torso restraint. 
In this respect, it is important to determine 
whether or not lap belts failed, seats failed, seat 
attachments failed, floors failed, or any other 
restraint or linkage did not meet the requirement 
of preventing the occupant from becoming a 
missile. An additional aspect of this investiga- 
tion is to determine whether or not adequate 
protection was provided against flailing of the 
head or extremities. Even though the torso is 
restrained, unfixed appendages may be whipped 
about and injured. 

e. SJirapnel: The traumatic role of hurled 
objects needs inquiry. Even though the individ- 
ual is adequately restrained, and in seats which 
face rearward to prevent flailing or whip lash 
injury, serious or lethal blovvs can be caused by 
fljdng baggage, tool boxes, and other objects. 
Insofar as possible, these need to be identified 
in order that their traumatic role may be recog- 
nized and corrective action taken. 

f. Unyielding Objects: In addition to missiles, 
fixed structures often inflict injiuy. This may 
even occur in low-impact accidents because of 
the obtrusive or imyielding nature of such items 
as gunsights, knobs, or metal bars on seat backs. 
When such items are identified, much can be 
done to eliminate them iti future design. 

g. Other causes: Any other cause of death 
or injur)^ needs to be traced to its source, and 
conclusions drawn as to what could be done to 
prevent it. The most frequent injuries not di- 
rectly due to deceleration are bums. Upon 
medical burn observations, the USAF has been 
instrimiental in developing more resistant cloth- 
ing and establishing the requirement to wear 
gloves. Much additional remedial action needs 
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to be taken to elinunate the source of such biims 
and no inquiry in this area is too trivial. 

2. Human factobs as caxjse of the acctoent 

When the medical investigator attempts to 
determine vi^hether or not pilot error may have 
contributed to or caused the accident, he is con- 
fronted with a formidable problem. Among the 
aircraft wreckage there are no fragments of 
behavior or atmospheric vacuums that serve as 
tangible evidence of acts or omissions which 
may have precipitated the course of eveiits 
which ended in the accident. However, by 
working with other investigators, definite condi- 
tions concerning the flight and ihe aircraft itself 
can be established. Upon these observations, it 
frequently becomes apparent that some unsafe 
act on the part of the pilot (or crew) led to 
the mishap. 



the pilot to err and lead to an accident. These 
are: (1) The pilot's physiological tolerances. 
(2) The pilot's behavioral variances. (3) The 
pilot's physical condition. 

a. Pilot's Physiological Tolerances: Man's 
basic physiolo^ has prepared him to live in the 
dense, warm atmosphere adjacent to the earth's 
surface, and to gain his orientations by firm 
contact with the earth's surface. High altitudes, 
high velocities and space are entirely ahen to 
his instincts, and enormously hostile to his phys- 
iological equanimity. In fact, man survives in 
high performance flight only by the preservation 
of an artificial envirbiime©t which guarantees 
him adequate oxygen, heat and comfort, and 
by instruments and cues which inform him of 
his orientation or directioii in space. 

When anyftiog goes wrong or disturbs this 
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Fi£ure 3S-1. Vartical Type Accidents 



The reason why then becomes a matter of 
concern. Here it is essential to realize that pilot 
error does not of necessity imply neglect or 
fault on the pilot's part. On the other hand, such 
error may be the result of circumstances for 
which he was physically or physiologically ill- 
fitted to cope, or as a result of problems which 
he had not yet learned to solve. The medical 
inquiry, therefore, can follow the influences 
which have the most significant effect on the 
human operator. There are three major areas 
where adversities or inadequacies may induce 



environmetit or orientation, he is quicldy over- 
whelmed. The resultant accident is usually the 
type where the aircraft plunges to the earth 
with Ktde or no effective human guidance. 
These are vertical disasters, as shown in Figure 
38-1. Whenever the investigation reveals this 
type accident, the overwhelmed pilot must be 
considered. In the wreckage, mechanical cues 
are few or non-existent. Only rarely is tihere evi- 
dence of improper pressurization or oxygenation. 
Still more rarely are there cues of noxious fumes 
or malfunction of gyros or attitude instruments. 
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However, whenever an aircraft accident cannot 
be explained by other reasons, and when it is of 
the vertical disaster type, the following should 
be considered: 

(1) Hypoxia 

If the accident is the result of a power-on 
dive from high altitude with no apparent 
attempt to correct its course oi' to escape, 
and especially if it occurs on a clear day 
or night, hypoxia can be considered as the 
most probable cause. With the exception of 
disorientation as mentioned below, there 
are few if any other conditions currently 
encountered in flight which caA so suddenly 
and so completely overwhelm the pilot. 

(2) Disorientation 

Whenever there are power-on dives when 
the aircraft is being flown under instrument 
conditions, and particularly when there is 
evidence that the pilot's attention has been 
diverted from his flight instruments or if 
he has had to suddenly transition from out- 
side visual reference to instruments, dis- 
orientation is a highly probable cause. This 
is particularly true if the dives are from 
low altitude flight such as in the traffic 
pattern; however, this type phenomenon 
knows no altitude limitations. 

(3) Other Adversities 

Whenever flight becomes erratic and 



there is no mechanical or other explanation, 
incapacitation from other environmental ad- 
versities must be considered. These are such 
conditions as decompression sickness, poi- 
soning by effects of carbon monoxide or 
noxious fumes, extreme heat or cold, and 
allied conditions which might seriously com- 
promise the pilot's ability to handle the 
aircraft. This category is seldom encountered 
and is difficult to identify. It is usually 
implicated only when the pilot has indi- 
cated such conditions by radio calls or when 
the accident investigation reveals loss of 
pressurization, noxious substances, etc. 

b. The Pilot's Behavioral Variances: Abnor- 
mal behavior is seldom the cause of an accident. 
Individuals who develop a psychosis or severe 
psychoneurosis are usiially removed from flying. 
Individuals who do not have the mental capacity 
to handle an aircraft seldom become pilots. 
However, many pilot error accidents occur as 
a result of normal human variables such as inex- 
perience, oversights, apprehensions and distrac- 
tions. These accidents are almost always char- 
acterized by evidence of conscious control of 
the aircraft prior to the accident and thus lead 
to what may be termed horizontal disasters. In 
these cases, ihe pilot is flying straight and level 
or he is coming in for a landing or he is engaged 
in a takeoff when as a result of some inadequacy 
the accident occurs. Whenever an accident can- 
not be explained by other reasons and it is of 
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the horizontal disaster type, the following 
should be considered: 

(1) Discipline Delinquencies 

Modem flying, and particularly flying 
high perf oimance aircraft, requires rigid ad- 
herence to certain basic precautions and 
rules. Poor flight planning and poor in-flight 
discipline, i.e., attempting to fly VFR under 
IFR conditions, are the most frequent causes 
of in-flight collisions. To this must be added 
poor supervision, particularly in flight sched- 
uling, which can lead to mid-air collisions. 
These poor disciplines should always be 
considered when controlled flight ends in a 
collision, 

( 2 ) Inexperience 

Accidents as a result of mishandling the 
aircraft upon landing, takeoff, or go-around, 
and particularly accidents as a result of 
mishandling of landing gears, flaps, or fuel 
systems, are usually due to inattention or 
inejcperience, especially the latter. Such ac- 
cidents are usually of low impact, and 
survival is the rule. Evidence of the type 
of mishandling such as failure to put the 
wheels down is frequent. The aeromedieal 
role is to determine the reasons for omis- 
sions or mishandling. Even though inexperi- 
ence is a non- clinical condition, it can 
nevertheless lead to disastrous results, and 
is fully deserving of identification when it is 
the cause. 

(3) Complications and Distractions 
During landings, takeoffs, and go-arounds, 

the work load placed upon the pilot is con- 
siderable. If during this time, minor irregu- 
larities or emergencies arise, he may be- 
come overwhelmed, and have an accident. 
Here again, there is a necessity for identi- 
fying such complications and distractions in 
order that they may be eliminated. 

c. The Pilot's Physical Condition: Flying re- 
quires that the pilot have certain minimums of 
physical strength and endiuance, and that he 
be physically able to give continuous applica- 
tion to his occupation during the expected con- 
ditions of flight. Occasionally, pilots are unable 
to meet these physical requirements due to 
fatigue, illness, or physical disaster. Such inade- 
quacies or unwelcome infirmities are usually 
unpredictable and there is no particular pattern 
as to the type of accident which may result. In 
addition, such accidents usually leave no me- 
chanical clues as to their cause. Their discovery 
rests upon exclusion of other causes, and inquiry 
into the following areas: 

(1) Insu£Bcient Sbrength or Stamina 



Although inability to reach controls Or 
insufficient strength occasionally leads to 
accidents, the most frequent cause in this 
category is fatigue. Whenever accidents 
occur after prolonged periods of flight, are 
due to some omission or mishandling, and 
cannot be explained on inexperience or 
other factors, fatigue is implicated. Although 
difficult to establish, it may emerge as being 
the only plausible explanation. 

(2) Temporary Illness 

This is a very infrequent cause of acci- 
dents because the ill pilot seldom flies. 
There are two factors, however, which tieed 
to be considered whenever it can be deter- 
mined that the pilot was suffering from a 
temporary illness. The first is whether or 
not he may have developed severely divert- 
ing symptoms from such conditions as head- 
aches, ear aches, or sinusitis, and whether 
or not he may have been taking medicines 
with suppressive or hypnotic effects or an 
anaphylattic potential. 

(3) Serious Physical Incapacitation 
Serious incapacitation may arise suddenly 

and lead to an accident. Sucli conditions 
as heart attacks are rare and are ordinarily 
discovered only by careful post-mortem in- 
quiry. However, accidents occasionally hap- 
pen because of other serious conditions such 
as epilepsy, and offer little or no pathologi- 
cal evidence. Their discovery rests in a 
careful review of the individual's medical 
history, and particularly, inquiry into con- 
cealed attempts at self medication. 

The aeromedieal investigation of an aircraft 
accident is concerned with discovering the 
causes of injury, and determining the human 
acts which may have led to the accident. 

The investigation of injury requires careful 
inquiry into cause and effect, and detailed ex- 
amination of forces and objects which produce 
injury. It also requires review of protective de- 
vices which prevented or failed to prevent 
injury. 

Investigation of human error which may have 
led to the accident, and the cause of such error 
is also required. This entails an evaluation of 
adverse physical or physiological influences, a 
full appraisal of the pilot's clinical history, and, 
on occasions, careful pathological inquiry, 

The need for thoroughness of such inquiry is 
great. The causes of aircraft accident injuries 
and particularly the human causes of the acci- 
dent itself are frequently difficult to establish. 
But only when such causes are found can effec- 
tive corrective action be taken. 



AF MANUAL 161-1 



38-5 



AIRCRAFT ACCIDENT 
INVESTIGATION BOARD 

The commander of each air force is required 
by AFR 62-14 to appoint Aircraft Accident 
Investigating Boards and to designate one mem- 
ber of tile board as the base aircraft accident 
officer. This board imisl consist rf four or more 
voting members: 

1. TIte bitse flyftig safety oflBcer, or base air- 
craft accident officer. 

2. One other well quah'fied pilot. 

3. An experienced aircraft maintenance officer 
( j^lot rating not required ) . 



4. A medical officer thoroughly conversant with 
Air Force problems, preferably a Medical Officer, 
Aviation Medicine. An alternate medical officer 
member should be designated to serve in the 
absence of the regular Medical Investigation 
Officer. 

It is the duty of this board to determine all 
facts concerning tiie accident. The investigation 
and the reporting of data follows procedures 
laid down in the "Aircraft Accident Prevention 
- Investigation - Reporting," AFM 62^. This 
publication gives complete directions for the 
completion of AF Forms 14A, B, D and E by 
die Medical Investi^ting Officer. 



kefereates 
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APR ieO-109. Medical Investigations of Aircraft Accident Fatalities. 
AFR 62-14. Aircraft Accidents. 

AFM 62-5. Aircraft Accident Frevention — Investigation — Reporting. 
Armstrong, Harry G.: Aerospace Medicine, Chapter 30. The Williams and 
WiDdns Qanpany, Baltimore, 1961. 
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Background: The contribution that pathology 
could make in aircraft accident investigations 
was dramatically demonstrated in the British 
Comet disasters over the Mediterranean in 1954. 
Tlie investigating pathologists discovered from 
autopsies performed on bodies recovered that 
the occupants had suffered a violent upward and 
forward motion, as revealed by bead and chest 
injuries and skin abrasions. It was deducted that 
the injuries were due to sudden decompiession 
of the cabin pressure from a structural defect in 
the overhead toward which the occupants ap- 
peared to have been forced. 

The latent energy in a large pressurized cabin 
such as the Comet's, flying at a cruising height 
of .30,000 ft., has been calculated as being equiv- 
alent to that contained in 100 pounds of high 
explosive. Later, the reconstruction of wreckage 
recovered from one of the planes, and the testing 
of others, proved that the deduction of the 
pathologists was correct, inasmuch as a 162-sq. 
ft. defect was discovered, located over a seam 
above one of the windows. With this and other 
data as a background, the need for intensive 
study of the pathology of aircraft accident fa- 
talities was recognized. 

In November^ 1955, the Department of De- 
fense issued a directive establishing the Joint 
Committee on Aviation Pathology (JCAP). This 
committee is now composed of representatives 
fironi the U. S. Army, Navy, and Air Force; 
the Royal Canadian Air Force; and the Royal 
Navy and Air Force. The Directive designated 
the Armed Forces Institute of Pathology, Wash- 
ington, D. C, as the central co-ordinating facility 
for investigation of the pathology of aircraft 



accident fatalities. To meet this responsibility, 
the AFIP organized a Forensic and Aviation 
Pathology Section by integrating an Aviation 
Pafliology Unit within tiie already existing sec- 
tion on Forensic Pathology. This was a natural 
merger, inasmuch as forensic pathology is the 
subspecialty that has long been engaged in the 
medical investigation of accidental, violent, and 
unexplained deaths. An Aviation Toxicology Lab- 
oratory also was set up solely for the support 
of thi.s program. 

Examination of aihchaft accident fatal- 
ities: In order for pathology to be contributory 
it must encompass more than the time honored 
routine procedures and must include an acute 
awareness of the many factors involved in the 
"man-aircraft" relationship. Air Force Regula- 
tion 160-33 states that an autopsy will be per- 
formed when death occurred while the person 
was serving as an aircrew member in a military 
aircraft. Air Force Regulation 160-109 recom- 
mends the steps for the Medical Investigation 
of Aircraft Accident Fatalities and is supple- 
mented by Air Force Form 500 for this purpose. 

The autopsy should be performed by a pathol- 
ogist, either Air Force or civilian; however, in 
some instances a pathiologist may not be avail- 
able and the senior Air Force medical officer 
should designate a physician to perform the 
postmortem examination. Since the Flight Sur- 
geon is frequently called upon to perform the 
autopsy, he should avail himself of the pamphlet 
"The Autopsy", available on direct request to 
The Director, Armed Forces Institute of Pathol- 
ogy, Washington 25, D. C, 
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The function of the pathologist will be pri- 
marily through the medical member of tlie 
Aircraft Accident Investigation Board. Under 
ideal situations it would be the function of the 
pathologist to visit the site of the accident wifli 
the flight surgeon in order to best obtain perti- 
nent data particularly as it relates to protective 
equipment, environmental factors, and sequence 
of traumatic events. Full use of photographic 
facilities should be made at this time. 

The body would then be temoved for thorough 

postmortem examination which would of neces- 
sity include gross photographs together with the 
use of X-rays in order to complete the permanent 
record. The Air Force Form 500 dealing with 
the postmortem examination would serve as a 
guide to a thorough aircraft autopsy. Upon com- 
pletion of the gross autopsy a preliminary sum- 
mary of the findings are given to the flight 
surgeon so that the Investigation Board can 
complete its initial report. 

Suitable tissues for histopathologic and toxi- 
cologic studies having been removed at the time 
of autopsy, are forwarded to the Armed Forces 
Institute of Pathology for completion, Upon com- 
pletion of the case, final copies of the autopsy 
protocol are forwarded to the base concemed, 
the pathologist, and to the Directorate of Flight 
Safety Research, USAF. 

The Air Force Form 500 has been imple- 
mented so that as much available information 
as possible can be obtained at the time of the 
initial autopsy. The first part of the form is con- 
eefiied with pertinent administrative data which 
is followed by a listing of the major injuries 
incurred and statements regarding the circum- 
stances of the accident. Condition of the wearing 
apparel and protective equipment is noted by 
checking the appropriate boxes. The condition 
and degree of exposure of the body is next 
determined which is followed by the external 
examination. A conjplete listing of the internal 
organs delineates many of the changes which 
might be encountered in their examination. 
Space is available for suitable biochemical and 
toxicological studies and it is necessary that the 
histopathology studies be appended as supple- 
mental sheets. 

Information csoncerning the Medical Investiga- 
tion of Aircraft Accident Fatahties may be 
obtained by directly telephoning the Armed 
Forces Institute of Pathology, Washington, D. C, 
at telephone number Liberty 5-6700. In cer- 
tain selected cases, the Chief, Aeromedical 
Safety Division may request "on-the-spot" pa- 
thology support by aviation pathologists from the 
Armed Forces Institute of Pathology. 

Conditions to consideh: Cases in Aviation 



Pathology are evaluated through a consideration 
of three major factors, (A) environmental con- 
ditions (B) traumatic aspects and (C) pre- 
existing disease. 

A. Environmental factors 

1. Altitude-Hypoxia, decompression 

2. Speed — "G" forces, spatial disorienta- 
tion, wind blast 

3. Toxins — Carbon monoxide, fuels, odors 

4. Temperature — Excessive heat, cold, 
humidity 

5. Noise — Auditory effects, vibration 

6. Stress 

B. Traumatic factors 

1. Protective Equipment 

2. Escape 

3. Aircraft Design 

C. Pbe-existing disease 



A. Environmental factobs 
1. Altitude 

a. Hypoxia — One of the most important 
problems confronting Aviation Pathology is the 
post-mortem detection of acute ante-mortem 
hypoxia or anoxia since histopathologic changes 
are of little or no value in its diagnosis. Through 
a joint effort of the Royal Canadian Air Force 
Institute of Aviation Medicine and the School 
of Aerospace Medicine, USAF, a test on post- 
mortem tissues was devised which utilizes fresh 
frozen central nervous system tis.sue to measure 
the lactic acid concentration. This test has shown 
promise in laboratory animals and is currently 
routinely used at the Armed Forces Institute of 
Pathology. 

Lactic acid levels over 200 mg.% in central 
nervous system tissue w^re found indicative of 
hypoxia although the elevated value did not 
differentiate the cause of the hypoxia. There- 
fore, a variety of conditions such as lack of 
oxygen from altitude, drowning, ingestion of 
certain drugs, shods, etc., may produce an ele- 
vated lactic acid value. 

In 238 aircraft accident cases in which this 
test was routinely performed at the Armed 
Forces Institute of Pathology from October 1956 
through January 1958, there were 10 Instances 
in which a value over 200 mg.% was obtained. 
In one instance there is definite evidence that 
the elevation was due to altitude hypoxia, in 
one there was history of short survival in a shock 
state following the accident, in three cases hy- 



39-2 



FLIGHT SURGEON'S MANUAL 



perventilation seemed flie most likely cause, in 
two instances drowning was responsible, in one 
case the administration of barbiturates to the 
hospitalized pilot after the accident, in one case 
strangulation was the most likely cause and in 
one the possibility was either hyperventilation 
or hypoxia. 

b. Decompression Sickness — The post- 
mortem findings in this case were tibought to be 
due to fat embolism secondary to decompression 
sickness. Intense intravascular fat was found 
within the lungs and via a patent foramen ovale 
also within the brain and kidney. Many areas 
of cerebral ischemic necrosis were noted to be 
indistinguishable from those due to aero- 
embohsm. The pathogenesis of this condition 
being postulated as follows; adipose tissue con- 
tains a supersatiu-ation of fats, with bubble for- 
mation occurring upon decompression which is 
followed by rupture of the cells and release of 
their fat and gas into the vascular system. 

The simple explanation of embolism may 
actually reflect a more fundamental change 
brought about by this condition and is an area 
in which considerably more investigation is 
needed. A study of the pathological findings in 
14 cases of death due to in-flight decompression 
sickness studied by the Royal Air Force Institute 
of Aviation Medicine and the Armed Forces 
Institute of Pathology has brought this problem 
into sharper focus and dictates the need for 
further experimental studies of this phenomenon. 
Common findings include type aircraft, 

obese individuals and a patent foramen ovale. 

2. Speed 

a. Spatial Disorientation — Spatial disori- 
entation, or vertigo, is more difficult to prove 
because it has no relation to altitude or failures 
of equipment, and as far as is known has no 
demonstrable pathologic lesion. It is significant 
to note, however, that inner ears are seldom 
examined in such instances and their removal 
should be routine in every aircraft accident fa- 
tality. The occult nature of spatial disorientation 
taxes the ingenuity of all aircraft accident in- 
vestigators. 

b. Windblast — In an attempt to prevent 
any windblast injuries resulting from bailout 
from a high spe^d aircraft, experiinents have 
been conducted utilizing primates as subjects 
on sled track runs using speeds approximately 
2 Mach or twice the speed of sound. The ex- 
posed skin surface showed various changes in- 
cluding separation of the superficial epidermis 
into a distinct layer, compression of the remain- 
ing epidermis into a thin leatherly structure, loss 
of hair and focal hemorrhages. The windblast 
was accompanied by a temperature between 



300-320° F. From this and other studies the im- 
portance of protective equipment and clothing 
design have assumed major roles in the preven- 
tion of injuries to flying personnel. 

3, Toxins 

Much work has been devoted to the envi- 
ronmental problem of toxins, especially that of 
carbon monoxide. Although carbon monoxide 
has been one of the more commonly incriminated 
toxins associated with aircraft accidents, a review 
of the records of the Directorate of FKght Safety 
Research, tJSAF, reveals that cases showing 
elevated carbon monoxide values were usually 
associated with viabflity and a history of fire, 
either in-Hight or following ground impact. 
Therefore, the most practical value placed on a 
post-mortem carbon monoxide level is in estab- 
lishing the sequence of events, i. e., was the 
individual alive or dead at the time fire ensued? 

The Armed Forces Institute of Pathology 
routinely analyzes fresh frozen tissues submitted 
from aircraft accident fatalities for carbon 
monoxide. Since blood is not frequently avail- 
able, the laboratory utilizes bloody extracts 
from tissues and the analysis is performed as 
for blood. The results are reported as per cent 
carboxyhemoglobin saturation as for blood and 
levels less than 10% are considered insignificant 
for heavy smokers may attain values as high as 
8%. In some cases this method has demonstrated 
an elevation (over 10% carbon monoxide satu- 
ration), all of which have been in conjunction 
with fire, usually following impact. This finding 
of significant amounts of carbon monoxide is 
indicative of survival following the onset of fire 
and such information is at times of inestimable 
value to the aircraft accident investigators. 

Frozen tissues are routinely examined for the 
presence of alcohol since a prominent percentage 
of the fatalities show varying degrees of fatty 
metamorphosis of the liver. From October 1956, 
until Januaiy I9S8, the Aviation Toxicology 
Laboratory examined 318 cases. In only one In- 
stance have the results indicated ethyl alcohol. 

All fresh frozen tissue is held in the laboratory 
in the frozen state for at least 30 days so that 
additional procedures may be performed as indi- 
cated. The Aviation Toxicology Laboratory of 
the Armed Forces Institute of Pathology is 
capable ctf detecting therapeutic amounts of 
dnags In tissues. 

4. Temperature 

In spite of well regulated air conditioning 
systems, &ie present day pilot must be prepared 
to encounter extremes in temperatures within 
a single flight, summer or winter. The severe 
cold experienced at high altitudes has been suffi- 
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cient to produce severe coH thermal injurieis on 

bail-out cases and it becomes necessary for 
survival that the pilot be furnished with ade- 
quate personal equipment and even more im- 
portant that he uses the apparel. The pathologist 
investigating any aircraft accident shotild deter- 
mine what effect the personal equipment had in 
the survival of the pilot. 

B. Traumatic factobs 

The second broad group of pathologic changes 
studied in aircraft accident fatalities, centers 
about the traumatic aspects. In many instances 
these overshadow other considerations to such 
an extent that one is sometimes asked, "Why 
do an autopsy when the cause of death is so 
obvious?" In aircraft accident fatalities, how- 
ever, it is not enougli to state the immediate 
cause of death, such as crushed chest or broken 
neck or injuries-multiple, extreme. 

It is necessary to pin point the cause of the 
injury which resulted in the lesions causing 
death. For instance, if the cause of the accident 
is established, such as a mechanical failure of 
the plane, the prosector should devote the ma- 
jority of his efforts to detennining how the crew 
member sustained his injuries by relating them 
to known mechanisms of the accident. From this 
the architects and engineers may learn what 
can be done to prevent these injuries. This is 
chiefly a process of deductive reasoning on the 
part of the prosector, where much study can be 
devoted to a narrow field. 

On the other hand, if the cause of the accident 
is unknown the prosector should gain as much 
information about the circumstances of the acci- 
dent as possible, before he starts the autopsy. 
Without it much time and effort may be wasted 
in irrelevant work. This autopsy should be a 
careful and meticulous study employing an in- 
ductive reasoning approach and utilizing as 
many adjunctive studies as possible. An essential 
part of all gross autopsies performed on aircraft 
accident fatalities is a detailed examination of 
the condition of the clothing and protective 
equipment. 

The correct interpretation of certain patho- 
logic findings will frequently lead to invaluable 
clues in unraveling the sequence of traumatic 
events. When examining the heart and lungs for 
lacerations, ft is important to note if the lacera- 
tions were made by fractured ribs and if so, by 
which ones. If there is a laceration of the aorta, 
was it due to a fractured bone, or was it the 
result of a sudden deceleration, each of which 
show characteristic lesions? 

Sudden deceleration shows characteristic aor- 
tic ruptures located in the arch of the aorta or 
just distal to the left subclavian artery. In a 



laceration of the liver, for instance, it would be 

helpful to know if such was due to rib fractures 
or a crushing injury impinging the liver against 
the vertebral column. Many times the question 
of viability during a fire is raised and the ana- 
tomical demonstration of soot, either gross or 
mfcroscopically, within the respiratory tract 
especially the lungs indicates that the crew 
member inhaled smoke, and thus was alive in 
the presence of a fire. It is well to remember 
that heat alone may produce false epidural 
hemorrhage and artefactitious fractures particu- 
larly of the skull. 

C. Pbe-exisung disease 

In the realm of pre-existing disease the pres- 
ence of coronaiy sclerosis offers much room for 
speculation. A coronary attack in the pilot of a 
single place aircraft could well result in another 
unexplained aircraft accident. Predictions of the 
importance of coronary sclerosis in pilots has 
been made by Benson and White in 1937 and 
1940. Although many of the coronary arteries 
examined in deceased pilots show moderate to 
marked coronary sclerosis, the necessity arises 
for a cautious interpretation of the significance 
of such findings. 

Other types of pre-existing disease have been 
responsible for sudden incapacitation of a crew- 
member with or without a resultant accident. 
Nelson and Haymaker have described three 
cases of suddeii incapacitation due to colloid 
cyst of the third ventricle. An astiocytomas was 
responsible for the first onset of unconsciousness 
in a pilot which would have resulted in an acci- 
dent had a co-pilot not been present. A sudden 
crew incapacitation has occurred as the result 
of sickle cell anemia. Certainly any disease that 
can produce sudden death at ground level can 
similarly produce sudden death at altitude; 
among items of unsuspected pre-existing disease 
which have been encountered include such items 
as: carcinoid of the bowel, rheumatic heart dis- 
ease, gastric ulcer, incarcerated omental hernia, 
viral disease of lung, patent foramen ovale 
heart, etc. 

Shipment of Specimens 

Direct shipment of tissue to the Armed Forces 
Institute of Pathology is authorized. Two types 
of specimens are to be collected: frozen, fresh 
tissue for toxicological study, and formalinfixed 
tissue for histopathologic examination. Tissues 
for toxicological evaluation should be frozen 
rapidly, preferably with carbon dioxide, and 
packed v^th sufficient dry ice to keep the speci- 
mens frozen during shipment. 

The toxicological study routinely consists of 
tests for (1) lactic acid, as an indicator of 



39-4 



FLIGHT SURGEON'S MANUAL 



hypoxia, and for which only brain or spinal 
cord can be used; (2) carbon monoxide, for 
which blood or the more bloody organs such as 
lung, spleen, liver, or muscle should be sub- 
mitted; and (3) alcohol, the test for which can 
be performed on any parenchymal organ such 
as the liver or kidney; (4) dmgs, in therapeutic 
amounts may be detected on such organs as 
liver, braifl and Iddney; (5) ofter substances as 
indicated. Frozen tissues are retained at the 
Armed Forces Institute of Pathology for 30 days 
in case additional studies may be necessary. The 



tissues for histopathologic study should be fixed 
in 10% neutral formaldehyde. 

Explicit instructions concerning the collection, 
preservation, and shipping of pathologic speci- 
mens to the AFIP are contained in AFR 160-109. 
Shipment is facilitated by placing specimens in 
plastic bags before packing. The fresh frozen 
tissues should be packed with sufficient refriger- 
ant ( dry ice is a good agent ) so that they reach 
the AFIP in the frozen state. Packages should 
be forwarded by Air Express, Special Delivery, 
addressed to The Director, Armed Forces Insti- 
tute of Pathology, Washington 2S, D. C. 
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Hedicul Aspects 



of Nuclear Warfare 



This discussion deals with the mihtary appli- 
cations of nuclear energy from the medical point 
of view, and is intended as a ready source of 
fundamental information for Flight Surgeons. It 
is not intended as a substitute for the reference 
works in this field. 

The following glossary shouH help the Flight 
Surgeon understand the information on nuclear 
energy covered in this section. 

Glossary 

Air burst — Detonation of a nuclear weapon 
sufficiently clear of the ground so that the fire- 
ball does not intercept ground surface. 

Alpha particle — Nucleus of helium atom: 
emitted as high energy particle during radio- 
active disintegration of atoms which decay by 
this means. 

Background — Minute levels of radiation whidi 
are always present, but which may vary from 
day to day; includes cosmic rays, radiation 
from small amounts of naturally occurring 
radioisotopes in the earth's crust and atmos- 
phere, and that radioactivity oti the earth and 
in the atmosphere which results from nuclear 
reactors and the testing of nuclear devices. 

Beta particle — A high velocity electron 
emitted by the nucleus of a radioactive atom 
whidi decays by beta emission. 

Curie — "the standard for the measurement of 
activity of a radioactive substance; one Curie 
of radioactivity = 3.7 X 10^** disintegrations 
per second and is equal to lie activity of one 
gram of radium in equilibrium with its decay 
products. 



Decay — Disintegration of the nucleus of a 
radioactive atom by the spontaneous emission 
of gamma rays, beta particles or alpha par- 
ticles, plus energy. 

Decontamuiation — Removal of radioactive 
materials or the reduction of their activity to 
permissible levels. 

Dosimeter — An instrument which measures 
the accumulated (or, integrated) dose of ion- 
izing radiation. 

Dosimetry — The techniques and procedures 
of measuring the dose rate, integrated dose, 
and energy of ionizing radiation. 

Electromagnetic radiation Energy waves 
which include gamma rays, x-rays, ultraviolet, 
visible light, infrared electric, and radio 
waves; these waves vary in length from 10-^^ 
to 10''^ cm, and all travel at the speed of light. 

Electron volt — Kinetic energy gained by an 
electron in accelerating through a potential 

difference of one volt. 

External radiation — Any radiation coming 
from a source outside the body, 

Fission — The spHtting of an atomic nucleus 
into two approximately equal fragment nuclei 
(called fission products) and accompanied by 
a release of energy. 

Fission Products — Elernents which result from 
the splitting of a heavier parent nucleus, such 
as uranium 235; most flf the fission products 
are radioactive, emitting gamma and beta ra- 
diation until they become energetically stable. 
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Cammfi radmtion — Highly penetrating ionizing 
radiation from the nucleus of a radioactive 
atom; gamma rays are indistinguishable from 
x-rays of the same energy. 

Ground burst — See "sub-surface burst." 

Ground zero — Point on the earth's surface di- 
rectly beneath the point of detonation. Does 
not apply to high altitude bursts that do not 
produce eflFects on the earth. 

Half life — The time during which a radio- 
active substance reduces its activity to 50% 
of its initial activity by means of radioactive 
disintegration. 

Immediate nuclear radiattoii — The gamma 

rays and neutrons emitted at the instant of the 
nuclear explosion plus the gamma rays meas- 
urable from the rising atomic cloud which 
contains the fission products; same as initial or 
prompt radiation. 

Internal radiation — Radiation from a source 
within the body. 

Ionization (by radiation) — Interaction of high 
energy radiation with atoms resulting in the 
formation of ion pairs; considered responsible 
for the initial biological damage. 

Maximum permissible exposure — The amount 
of radiation which is established as a limit of 
tolerance for the body to compensate the dam- 
age caused by environmental ionizing radi- 
ation. Does not infer that promiscuous or rou- 
tine exposure to radiation wifiiin these pre- 
scribed limits is desirable or should be ac- 
cepted. 

Mev — Million electron volts; see "electron volt." 

Microeorie — One millioritii of a Curie; see 
"Curie." 

Millicurie — One thousandth of a Curie; see 
"Curia" 

Milliroentgen — Abbreviated mr, one thousandth 
of a roentgen; see "roentgen." 

Monitoring — The techniques and procedures 
for establishing the presence or absence of 
radiation hazard. 

Neutron — Nuclear particle which is electrically 
neutral and has a mass approximately equal 
to that of the proton. 

Nominal bomb — An atomic bomb of 20,000 
tons (20 Motons) TNT equivalent energy 
yield. 

Peak over pressure — The highest shock wave 
or blast wave pressure measurable in excess of 
normal ambient atmospheric pressure. 

Proiiipt radiation — See "Immediate nuclear 
radiation." 



Proton — Positively charged nuclear particle — 
hydrogen nucleus. 

Rad — Uuit of dosimetry, represents energy 
absorption of 100 ergs per gram of material. 

RBE — Relative biological effectiveness, denotes 

the efFectiveness of different types of ionizing 
radiation to cause a specific biological effect. 

Rem — Roentgen equivalent man, which is the 
dose of any ionizing radiation that will cause 
the same biological effect in man as that 
caused by one roentgen of high voltage x-rays; 

see "roentgen." 

Rep — Roentgen equivalent physical, which is 
the amount of radiation that is physically equal 
to one roentgen of approximately 250 kvp x- 
rays. 

Roentgen — The standard unit for X Or gamma 
radiation; the amount of high voltage x-rays or 
gamma rays that produces one electrostatic 
unit of electricity of either sign in one cc of 
dry air at standard conditions; or, the amount 
of gamma or x-rays absorbed that will produce 
2.083 + 10' ion pairs per cc of air. 

Subsurface burst — Detonation below surface of 
earth or water. 

Surface burst — Detonation of a nuclear weapon 
at the surface of earth or water. The fireball 
is usually in contact with the ground or water. 
Can also be a subsin^ace burst. 

Thermal radiatiDn — Combined visible and infra- 
red waves which produce heat when absorbed. 

Water burst — See "subsurface burst," 

NATURE OF MEDICAL SITUATION 

In a nuclear weapons war, Flight Surgeons 
will be faced with heavy responsibilities involv- 
ing both defensive and offensive operations. 
Defensively, it is necessary to plan against dis- 
aster, rather than against an ag^gressive event 
which may be absorbed with minimum distiub- 
ance. A successful enemy attack against an 
inadequately prepared air base would set the 
pattern of the medical problem; dumped at 
once upon the crippled base facilities and re- 
quiring prompt and expert aid — a horde of 
casualties, injured simultaneously and suffering 
from various combinations of bums, mechanical 
injmies, and radiation sickness. 

It is intended that the information presented 
here wiH assist the Flight Surgeon in his plan- 
ning, equipping, and training to cope with the 
defensive medical problems of nuclear warfare. 
Clearly, the effort must necessarily be coor- 
dinated with base operations, engineering, trans- 
portation, communications, radiological defense, 



40-2 



FUGHT SUBGEON'S MANtfAl 



80 



70 



Fijure 40-1. The Variations af Peak 
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provost marshal, and other supporting agencies 
of tibe Base Commander. Of even more para- 
mount importance, however, is the establish- 
ment of rapport with nearby installations SO that 
a system of mutual aid might be employed. Of- 
fensively, a nuclear weapons war would present 
medical problems concerned mainly with the 
radiological hazard of area and material con- 
tamination. 

BASIC INFORMATION 

The explosion of a nuclear weapon produces 
the following principal hazards: blast- thermal 
radiation; visible radiation; and ionizing radia- 
tion, including gamma rays, beta particles, alpha 
particles, and neutrons. Of these, the most im- 
portant casualty producers in air burst nuclear 
explosions are thermal radiation and blast; how- 
ever, the prompt gamma radiation and the 
neutrons are highly potent hazards within their 
effective range and their injurious capacities are 
not to be overlooked. 

In the strict sense and as contrasted with a 
nuclear weapon, one possibility is a radiological 
warfare weapon which depends for its effective- 
ness upon the ionizing radiation and physiologi- 
cal hazards; thus a radiological warfare weapon 
would contain a radioactive substance which 
could be delivered against a target and exploded 
with sufficient fort* to spread the radioactive 
material effectively. However, radiological war- 



fare in the meaning used here is not regarded 
as very hkely. On the other hand, a nuclear 
weapon detonated underground or under water 
could cause such a heavy surface radiologieal 
contamination that it stimulates, in effect, radio- 
logical warfare. Both types may evoke serious 
panic; hence, they have strong psychological 
warfare potential. 

METHODS OF EMPLOYING 
NUCLEAR WEAPONS 

Against surface targets, three basic techniques 
are air bufst, surface bnrst, and sub-surface 
water burst. The air burst technique produces 
maximum blast and thermal effects against con- 
ventional targets. This explosion produces the 
greatest number of bums and mechanical in- 
juries and many radiation injuries in an uiipro- 
tected population. It causes no important im- 
mediate contamination on the surface; thus, once 
the explosion is over, rescue and damage control 
may start immediately; howesver, once the fall- 
out begins, and if the area is in the fallout 
pattern, there may be enough fallout from the 
cloud to render the area an unsafe place in 
which to work for any prolonged period. The 
time between the explosion and the beginning 
of fallout is a function of many variables, such 
as: size of the weapon, height of burst, wind 
direction and velocity, rate of cloud rise, air 
density, and presence or absence of precipita- 
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tion. The extent of the contamination must be 
determined by radiological monitoring and the 
decision as to the length of time that personnel 
are permitted to occupy the area is one that is 
the prerogative of the Base Commander. 

Nuclear bombs detonated hotii in the ground 

and under water produce heavy surface contam- 
ination. Their thermal, visible, and prompt ioniz- 
ing radiations are so completely absorbed that 
they are nullified as hazards in the under water 
burst, and are reduced markedly in the under- 
ground burst. The destructive range of their air 
shock wave is considerably reduced in compari- 
son with that in the air burst. The underground 
blast causes a local earthquake, the extent and 
severity of which vary with the depth of burst, 
energy yield, and type of ground. Thus, in an 
attack using a sub-surface burst, the medical 
problem is one of ionizing radiation exposure 
due to the contamination of the local area, and, 
to a lesser extent, mechanical injuries secondary 
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to air blast and earth shock. Rescue and damage 
control operations will be seriously hampered 
by the hngering radiological contamination. 

Exploded directly at the earth's surface, an 
atomic bomb will cause serious blast, thermal, 
and prompt ionizing radiation effects, and, fur- 
thermore, may leave a hazardous surface con- 
tamination. 

Basic Medicdl Considemfidns 

Injury-exposxibe fagtoes. The esposuies or 
dosage factors required to produce casualties of 
immediate military significance are; 

Thermal radiation — 3 calories pejf cm^ per 
second to sufficient body area as may be directly 
exposed. 

Gamma or neutron radiation — Excess of 150 
to 200 rem to the whole body delivered in one 
hour or less. 

Airborne blast (for primary blast injury) — 
Between 50 and 100 psi (pounds per square 
inch) peak overpressure. 

The thermal radiation is composed chiefly of 
infrared and visible wave lengths. Three calories 
delivered to the unprotected skin in three sec- 
onds or less causes second degree burns. The 
nominal, or twenty kiloton atomic explosion 
radiates most of its thermal energy well within 
one second after detonation. The prompt gamiria 
and neutron radiation is the important cause of 
radiation injury in victims of an air burst attack. 
The gamma radiation is radiated over a period 
of about 90 seconds, 50% emerging in the first 
second, and 80% withm the first ten seconds 
after detonation. The neutron radiation is over 



in a matter of microseconds. The gamma radia- 
tion period is established at 90 seconds as meas- 
urable from a surface station; actually the atomic 
cloud cap continues to radiate as it rises, soon 
passing beyond gamma ray range from the 
earth's surface. Primaiy or direct blast injury 
from airborne blast is mainly of acadernic inter- 
est in nuclear explosions because if one were 
near enough to an esqplosion to experience 50 
psi peak overpressure, one would be a certain 
fatality from ionizing radiation, and from thermal 
radiation, Hence, the indirect effects of blast are 
those that are of major medical concern. 



6.4 KMS. 




Fieure 40-S. Range of Nominal Nuclear Weapon Thermal Damage 
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Fifura 40-6. Immediate Qmaa Dosages ut Varieus Distances Caused 
by a Npminat Nuciear Air Burst at 2000 Feet Aititude 



Rgr]re40-7. Fast and Slow Neutrons Delivered per Square Centimeter 
as Function of Distance from Explosion 

(Estimated letiial range for neutrons from a nominal 
atomic explosion is about 2400 feet from ground zero, 
based on lethal dose of slow neutrons as 5 x 10'^'^ per 
cm- and of fast neutrons as IC per cm* and including 
neutrons of intermediate energies. ) 



Clinical Aspects 

Nuclear explosion injuries. Neither the 
thermal injury nor the indirect blast injury intro- 
duces any novel clinical feature of particular 
significance except the gigantic management 
problem of how to deal with masses of casualties 
all at once. The thermal injuries may be true 
flash biuns (primary thermal injury), or second- 
ary thermal injury such as result from the flres 
caused by the blast effects on furnaces, electrical 
circuits, etc. The thermal injuries may vary from 
mild, first degree, to severe, third degree burns: 
with carbonization, Indirect blast injuries or me- 
chanical injuries are so called because they 
result not from the airborne shock wave itself, 
but from flying and falling parts of structures, 
flying debris, flying glass, and from actual dis- 
placement of .the body against solid objects. 



These injuries are typical of those observed in 
conventional bombing and consist in the main of 
fractures, contusions, lacerations, and puncture 
wounds of varying severity. It is possible that 
some cases of primary blast will occur, most 
likely combined with various degrees of mechan- 
ical, thermal, and ionizing radiation injuries. Pri- 
mary blast may cause ruptured ear drums, 
cerebral concussion and hemorrhages, pulmonary 
lacerations with hemorrhage, and ruptures and 
lacerations of hollow viscera. 

Ionizing radiation delivered to the whole body 
or to its major portion in a few minutes, as in 
the prom^ gamma and neutron radiation of 
the nuclear explosion, causes a fairly typical 
syndrome that varies in severity directly with 
the total dose. 

Prolonged Expostnus to ionizing badiation. 
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When an otherwise lethal dose of whole body 
ionizing radiatitin is spread over many hours or 

a few days — for example, 600 rem of gamma 
radiation at the rate of 5 rem per hour, it will 
cause radiation injury; Tjut the subject will most 
likely recover and he will have far less severe 
signs and symptoms than if he were to experi- 
ence this much radiation in an acute dose. 
Long-term eflFects may be expected, such as 
premature aging, shortening of life span, radia- 
tion cataracts, increased tendency toward leu- 
kemia and neoplasia, some decrease in fertility, 
and an increase in genetic mutations. The total 
dosage that a man can survive in prolonged, 
continuous exposures of this level is not known; 
however, his survival would have a fairly definite 
limitation measurable in days. 

Beta radiation. In tactical situations, only the 
acute effect of beta radiation on the skin is 
immediately important. The source normally 
will consist of surfaces and objects contaminated 
with mixed fission products of recent origin. 



Table 40-1. CriScal Thermal Energies and Distances from Nuclear Exploaons 



Mltirlii 


Eflsc! 


energy 
required 

(C3l. sq. cm.l 


Limilin^ dislance 


Milirfil 


ElftCt 


Heat 
mers) 
raquired 
(C3l./sq. cm.] 


limilins 


distance 


Verj 
clear day 
(jsrdsi 


Hazy 
day 

(yards 1 


Very 
cSear day 
(yards) 


Hai) 
day 

(yards) 


Cotton shirting, khaki, 


Scorches 


6 


2800 


1650 


■ Wool serge, USIMC, 


Scorches 


3 


3900 


2000 


3.75 01. 


Bums 


15 


1750 


1150 


green, 12 or. 


Burns 


19 


1550 


1000 


Cotton twill, khal(i. 


Scorches 


9 


2300 


1400 


Wool elastique, USMC 


Scorches 


4 


3400 


1900 


8.2 oz- (as used m 


Burns 


15 


1750 


1150 


green, 19 oz. 


Burns 


35 


1150 


800 


summer uniforms i. 










Wool jersey, USMC 


Scorches 


3 


3900 


2000 


Cotton, hef ringbone 


Scorches 


3 


3900 


2000 


green, 16 oz. 


Burns 


32 


1200 


800 


twill, green, 9 oz. (as 
used Itt combat 


Burns 


17 


1600 


1050 


Wool jersey. Navy 


Scorches 


3 


3900 


2000 


uniforms). 










blue (as used in 


Burns 


43 


1050 


650 


Cotton duck, white, 


Scorches 


34 


1150 


800 


overcoats). 










7 oz. 


Burns 


42 


1050 


650 


Nylon, olive drab. 


Scorciies 


4 


3400 


1900 


Worsted, tropical 


Nap scorches 


9 


2300 


1400 


5.3 oz {as used in 


Melts 




2450 


1450 


khaki, 10 oz. 


Burns 


18 


1550 


1000 


flying clothes). 










Wool gabardinei, khaki, 


Scorches 


6 


2800 


1G50 


Nylon, blue, 5.3 oz (as 


Scorches 


2 


4500 


2400 


14 01. 


Burns 


23 


1400 


900 


used in flying 


Melts 


7 


2600 


1550 


Wool gabardine, USAF 


Scorclies 


3 


3900 


2000 


clothes). 










blue No. M, 12 oz. 


Burns 


9 


2300 


1400 


Paper (while). 


Chars 


8 


2450 


1450 


Wool flannel, Navy 


Scorches 


3 


3900 


2000 




Burns 


10 


2200 


1350 


blue, 11 oz ^as used 


Burns 


9 


2300 


1400 


Paper thrown kraft). 


Burns 


5 


3100 


1700 


in undress jurrpers). 










Douglas fir. 


Chars 
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2450 


1450 


Wool melton, Navy 


Scorches 


3 


3900 


2000 




Burns 


11 


2100 


1300 


blue, 16 02 {as used 


Burns 


11 


2100 


1300 


Douglas fir (stained 


Burns 


3 


3900 


2000 


in dress blues). 


















Wool serge. Navy blue. 


Scorches 
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3900 


2O0O 


dark). 










14 oz. 


Burns 


9 


2300 


1400 


Philippine mahogany. 


Chars 


7 


2600 


1550 


Wool serge, Army olive 


Scorches 


4 


3400 


1900 




Burns 


9 


2300 


1400 


drab, 18 oz. 


Burns 


15 


1750 


1150 


Rubber (synthetic) 


Burns 


.8 


2450 


1450 





Dittinct tram irtunil att In yirdi 


Bonli (BertT 

h-ilnlnn* TUT 


M R(Bnl[«ni 
LBtnil 10 mDSI 
indlviduils II 
recilved ov<r 
wliDlB bady 


L«tlial to alioitl 
5D per cent 
(LD/50) 


200 Rotntisns 

SO percent 
will become ilck 
bet no deaths 
ei|iectcil 


20 


1,190 


1,250 


1,440 


40 


1,340 


1,410 


1,600 


60 


1,440 


1,500 


1,700 


100 


1,550 


1,620 


1,870 



TablB 40-2. Distances from Ground Zero for Speclfleil Amounts of 
immediate Gamma Radiation 



Most fission products emit gamma radiation as 
well, so that an exposure to beta emitters with- 
out some accompanying gamma exposure is un- 
likely. Essentially, direct skin contact with the 
beta-emitting material is required for injury; 
hence, ordinary gloves and clothing give protec- 
tion. The skin lesions appear and behave much 
like thermal burns, and depending upon the 
total dose, may vary frcan mild etyfliematous 
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Table 40-3. The Iflfluence of Disc Rate on Biological Etect tor ExterJiai Whale Beif Radtaiion 



Duration 
o( 

Exposure 


SOr 

Accumulation 


1Q0 to 300r 
Accumulation 


400 to SOOr 

Accumulation 


SOOr— 600r 
Accumulation 


One Minute 

24 Hours 
30 Days 


Lowest dose that will give 
detectable effect, (drop in 
wtiite blood cell count). The 
patient feels nothing. (1) 

Effect reduced by 50% — 
only Yi will show drop in 
white blood cell count. (3) 
No detectable effect 


At lOOr the first symptoms 
appear. 300 r will incapac- 
itiate a man for about six 
months. 200 r may be hos- 
pital patient. (1) 
Effect reduced by 25% from 
ore minute exposure. (3) 

Slight blood changes. No 
symptoms. (4) 


The 50% lethal dose - 
'/2 of all persons re- 
ceiving this dose will 
die. (2) 

Effect reduced fay 50% 
from one minute ex- 
posure. (3) 
Slight blood changes. 
Mild malaise and 
weakness. (4) 


100% lethal dose (2) 

Effect reduced by 50% 
from one minute ex- 
posure. (3) 

Definite (4) Blood 
change. IVllld nausea. 
Moderate weal<ness 
and malaise. 



1. Well established by results on humans. 3. Less certain extrapolations from animal experiments. 

2. Reliable extrapolations from animal experiments. 4. Estimates. 



reactions to incapacitating desquamation. Beta 
radiation doses in excess of 50 rep per 24 hours 
are required to produce recognizable injiuy. 

Light. Light energy from the nuclear explo- 
sion is capable of producing an intra-ocular bum 
and the distances at which these bums may 
occur are much greater than those at which any 
other harmful effects of the atomic bomb occur. 
The permanent lesions from the fireballs have a 
parallel in the chorio-retinal burns described as 
eclipse blindness. The eclipse bum is incurred 
through a very small pupil; hence an appreci- 
able period of time is required to heat the tissue 
sufficiently to damage it. During this period the 
vascular system of the eye can dissipate some of 
this heat. In the thermo-nuclear burn most of 
the energy is delivered so rapidly as to be almost 
instantaneous, thus giving no opportunity for 
vascular dissipation and very little for dissipation 
by conduction. In addition it may well be de- 
livered through the widely dilated pupil occur- 
ring at night. This wide open xJupil wiU admit 
roughly fifty times the energy passed by a miotic 
pupil in the same period of time. 

Retinal damage is caused by infra-red and 
visible light, the latter comprising over one-half 
of the energy. The lens system of the eye focuses 
light rays entering the pupil so that an inverse 
image of the atomic fireball is formed on the 
retina. The size of the image depends on the 
size and distance of the fireball. If one person is 
two times as far away as another, only one-fourth 
as much light will pass through his pupil, assum- 
ing the pupils of both subjects are of the same 
size, and tbe resultant image will have only one- 
fourth the area. Therefore, the amount of energy 



absorbed per unit area in the region receiving 
the image will be equal regardless of distance 
except for the amount of light attenuated by the 
atmospheric conditions. This makes the hazard 
of retinal burn quite different from that of skin 
bums, in which the inverse square law applies. 

The eye reacts to the flash of light with a 
closure of the eyelids. In man this reflex has a 
minimum latency of 55 milliseconds. A significant 
portion of the total energy emission of fbe cen- 
tral part of the fireball arrives at the eye during 
the first millisecond and therefore the closure 
of the lids, as well as the pupillary reflex has 
too much latency to be of any protective value. 

With equal irradiance on the retina, differ- 
ence in pigmentation exerts a decisive influence 
on the production of lesions. It can be assumed 
that per unit length of path through the eye 
and per unit volume, the pigment layer of the 
retina and choroid in a well pigmented eye has 
the highest energy absorption. It is the high 
energy absorption per unit volume and not so 
much the focusing effects, that is responsible for 
the depth localization of the primary heat effect. 

Diagnostic aids for badiation injury. Dosi- 
metric records and blood studies will assist in 
diagnosis and prognosis. Details of history such 
as distance from the explosion and tj pe of shel- 
ter, if any, are important in estimating dosages. 
In the absence of dosimetric records, a clinical 
history of rapid onset of severe s}'mptoms, with 
early appearance of fever suggests a high dose 
and poor prognosis. For patients with vague 
complaints, followiiig a likely exposure either to 
acute or prolonged doses of ionizing radiation, 
the hematological examination is helpful. Acute 
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doses in the moderate to mid-lethal and lethal 
ranges, from 200 r to 600 r or higher, cause 
prompt changes in the peripheral blood picture. 
The total lymphocyte count begins to drop rap- 
idly so that by 12 to 72 hours postradiation, the 
decrease in lymphocytes reaches its maximum, 
The granulocyte coiuit tends to rise during the 
first 24 hours, then dtops to low figures •which 
may persist for ten days or longer. If the total 
leukocyte count falls below 2,000 cells per cubic 



Table 40-4. Symptams of Radiation Sickness 
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Nausea and 




vomiting on 
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first day. 


first day. 


first day. 
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75%within4hrs 
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Nn Hpfinlt'p 




Vomiting. 
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of mouth 








and throat. 
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Sore throat. 
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Skin hemor- 
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Fourth 
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week 
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of weight. 
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millimeter, the outlook is poor, and if it drops 
below 500 cells per cubic millimeter, a fatal 
result is almost certain. 

In cases of chronic exposure to lower doses of 
ionizing radiation, the peripheral blood picture 
changes are less Well defined; however, the 
following values are suggestive of excessive ex- 
posure in an individual exposed chromcally to 
ionizing radiation; 



Table 40-S. Probable Elleets of Acute Whole Body 
Nuclear Radiation 



Ranse Irom 
air burst 
irDund len 
(yards) 


Acute iliise 
(Roenliens) 


ProDaDle BiiGCts 


1,750 


50 or less 


No syinptoms of sickness. No de- 
crease In combat effectiveness. 


1,570 


100 


Nausea and vomiting for about 1 day 
in approximately 2 per cent of per- 
sonnel. None need evacuation; 
all able to perform duty. 


1,450 


150 


Nausea and vomiting for about 1 day 
in approximately 25 per cent of per- 
sonnel. No personnel evacuation 

expected. 


1,400 


200 


Nausea and vomiting for about 1 day 
in approximately 50 per cent of per- 
sonnel. Evacuation of about 25 
per cent at end of 1 week. All need 
to be evacuated as soon as possible. 
No deaths anticipated. 


1,350 


300 


Nausea and vomiting in all personnel 
on first day. All need to be evacu- 
ated immediately. About 25 per 
cent deaths anticipated, but will 
be reduced by adequate medi- 
cal treatment. Survivors ineffec- 
tive for full military duty about 
3 months. 


1,250 


450 


Nausea and vomiting in all personnel 
on first day. All need to be evacu- 
ated as soon as possible. About 
50 per cent deaths anticipated, 
but will be reduced by medical 
treatment Survivors ineffective 
for ful! military duty about 6 
months. 


1,150 


650 


Nausea and vomiting in all personnel 
within 4 hours. Evacuation of all 
on first dfy. Up to 100 per cent 
deaths may be anticipated. Any 

survivors ineffective for full mili- 
tary duty for over 6 months. 
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A persistent depression of leukocyte count be- 
low 4,000/mni®. Relative lymphocytosis with 
low total leukocyte couiit (4,000-6,000) with re- 
turn to normal after removal from radiation 
exposure. Reticulocyte count above 2 percent 
may be significant. 

Tbeatment of nuclear weapon casualties. 
The thermal and mechanical injuries should be 
managed according to l3ie best techniques cur- 
rently acceptable in cliliiGal practice. In a mass 
casualty situation triage will play a dominant 
role and one must realize that the moderately 
and lightly wounded patients must be cared for 
flret. The severely injured patients will have a 
very poor prognosis, and all the available treat- 
ment must be applied to those who wiU benefit 
most. In the initial phases of rescue and evacua- 
tion probably all that can be accomplished are 
routine first aid measures. (Ref: AFP 160-2-4.) 

As yet, a specie and dependable treatment 
for acute radiation injury is not available. Thus 
a symptomatic management, based on clinical 
evaluation with pertinent treatment is indicated. 
The following principles remain important: 

Control of nausea and vomiting; a careful 
evaluation of the patient is necessary since the 
psychological factors engendered by the situation 
CiEtn also produce nausea and vomiting indis- 
tinguishable from that induced by acute radia- 
tion. If it is determined that this is true radiation 



vomiting, and the situation warrants, an anti- 
nauseant may be used in the ordinary dosages. 

Relief of apprehension; comfort and reHef of 
I«in. 

Maintenance of fluid and nitrogen balance. 
Strict hygiene and asepsis even for minor 
procedures. 

Vitamin supplementation. 
Broad spectrum antibiotics as indicated (es- 
pecially against gram negative organisms). 
Control of hemorrhage. 
Decontamination of the patient. 

Pehmissibu: exposubes. (See Tables 40-6 and 
40-7). Exposure to ionizriig radiation should be 
maintained at its practical minimums. Calculated 
risk exposures to ionizing radiation in excess of 
the normally permissible doses may have to be 
taken in special situations. Table 40-6 illustrates 
such situations. 

Radiologicai doskmethy. Dosimetric records 
will be valuable and necessary parts of medical 
operations in nuclear warfare. They are strictly 
required for peacetime work with radiation 
sources. Refer to data on Medical Records for 
description of dosimetry' records. (See AFP 
160-6-6 and AFR 160-31. ) 

Recommended casualty badges. The DT-60, 
phosphor glass dosimeter is currently available 



Table 40-6. Man'mum Permissilila Exposures, External Radiation 





Type Radiation 


Exposure Factors 


Remarks 


1. 


Peacetime Conditions 


gamma 
beta 

neutrons 


300 mr/week maximum; 
5.0 r/year or an average of 
100 mr/wk. 


Whole body or partial body, repeated 
daily exposures. 

To the hands. 

Use RBE (relative biological effective- 
ness) factor to obtain rem. 


2. 


AW and RW Field 
Tests 


gamtna 


3 to 20 r 


By direction of task force commander; 

no further exposure until elapse of: 

dose received in r , 
=days 

005 (See AFP 160-6-6) 






gamma plus beta 


2 mr/hr 


Skin contamination. 


3. 


Wartime Conditions 


gamma, single dose 


up to 200 r 


Calculated risk command decision in 
urgent, nonflying mission. 






gamma, single dose 


up to 100 r 


Calculated risk command decision in ur- 
gent flying mission. 






gamma, divided doses 


25 Tfmek to total of 200 r 


Calculated risk command decision; care- 
ful clinical observation between missions. 


4. 


Skin Contamination 
witii Fission 
Products 


gamma plus beta 


up to 20 r if measured with- 
in 1 hour post detonation 


Acceptable as calculated risk, but re- 
qjires decontamination at earliest feas- 
ible time. 






pure beta emitter 


50 rep per 24 hours 


Unlikely to occur without accompanying 
gamma radiation. 
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Table 4B-7. Maximum Permissibls Concentratioiis of Natural Radioactive Materials above BacliErouncI 





Type of Contaminant 


Concentration Factors 


Remarks 


1. Peacetime 
Conditions 








Air 


Plutonium or other heavy 
alpiia emitter 


1.5 X microcuries/cc 


Level for continuous exposure for 1 
year. 


Food and Water 


Fission products 
Fission products 


1.5 X IQ-i" microcuries/cc 
2.4 X 10-6 microcuries/cc 


Based on the long-lived beta-gamma 
emitters in mixed fission products. 


2. Wartime Conditions 
Food and Water 


Fission products 


3 X 10^ microcuries/cc 


Safe for 10 day's consumption. 




Plutonium 


1,9 X lO"* microcuries/cc 


Safe for 10 day's consumption. 




Fission products 


9 X 10^2 microcuries/cc 


Acceptable risk, 10 day's consumption. 




Plutonium 


5 X 10-' microcuries/cc 


Acceptable usK 10 day's consumption. 



for the military service. T.O. 11114-6-3-41, Feb- 
ruary 1959, should be referred to for further 
information. The somewhat more cumbersome 
film badge techniques which require relatively 
elaborate equipment and expert technicians are 
still used as an adjunct in certain cases. The 
DT-60 covers the range from 25 to 600 roentgens. 

DosiMETBY IN PEACETIME. For health monitor- 
ing in laboratories and field tests involving nu- 
clear radiation hazards, pocket dose meters and 
film badges are required. These provide meas- 
ures of dosage in the lower ranges such as 0 to 
0.2 r; 0 to 10 r; or Q to 50 r. Dosimetry tech- 
nicians are required to process and read the 
films. 

Shortcomngs of personnel dosimetry. First, 
there is an error of about 20% in all currently 
available methods; however, this may be accept- 
able as long as its presence is recognized. Sec- 
ondly, a single casualty badge carried on a per- 
son does not necessarily ^ve a representative 
picture of the whole body dose, particularly 
when chance shielding to a part of the body has 
been afforded. Hence, one is provided with only 
a rough estimate of dosage rather than an ac- 
curate measurement. 

Personnel MONrroRiNG. Personnel should be 



provided with casualty badges, film badges, and 
poctet dose meters. 

Surveying PHasoNNEL foe external contam- 
ination. A standard beta-gamma survey meter 
should be used to monitor clothing, skin, and 
hair; Under peacetime conditions when radio- 
logical safety policies can be extremely conser- 
vative, the skin should be decontaminated 
when the gamma intensity measured just short 
of skin contact (1 cm away) exceeds 2 mr per 
hour. During war, the same care should be taken 
if the situation permits; however, in emergen- 
cies it may be justifiable to postpone personnel 
decontamination even with beta plus gamma 
skin or clothing readings as high as 20 rep per 
hour pfTOvided the contamination fission prod- 
ucts have aged less than one hour at the time 
of reading. The rationale for this concept is that 
the rapid decay of fission products during the 
first two or three hours post-detonation will 
quickly bring the intensity down below casualty- 
producing levels. On the other hand, decontam- 
ination procedures even as crude as brushing, 
wiping with almost any non-contaminated mate- 
rial, or bathing in any noncontaminated water 
should be done at the first opportLmity and 
followed up by carefully supervised decontami- 
nation when possible. Special decontamination 
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Figure 40-8. The CP-95/A Reader for the OT-GO Phosphor Dosimeter 




Figure 40-9. The Phosphor Glass Dosimeter, DT-60 

Legend: Range is 25 to 600 roentgens; requires the 
CP-95/A reader (Fig. 40-8). 
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facilities may be required to insure effective 
procedures. Caution should be taken not to 
contaminate the entire facility by uncontrolled 
spread of contamination. 

Surveying foe eespihatoky contamination. 
In the event that contamination in the respira- 
tory tract is suspected, this may be qualitatively 
confirmed by wiping out each nostril with a sep- 
arate clean cotton swab and submitting these to 
the laboratory for counting. 

Personnel DECONTAMiNATroN. Supervision of 
patients and personnel of the medical organiza- 
tion decontamination is the medical officer's re- 
sponsibility. In essence, it amounts to his guar- 
anteeing that skin, clothing, and personal effects 
contamination with fission products does not 
produce exposure which exceeds permissible 
limits and that decontamination actually re- 



duces the radiation intensity to permissible 
limits or lower. (Rrfer to paragraph on the 
surveying of personnel for external contamina- 
tion.) While it is not the responsibility of the 
medical officer to provide the means for de- 
contamination or to accomplish decontamina- 
tion of most material, equipment, buildings, and 
areas, he has a very definite role in preserving 
the health of his organization and will find it 
necessary and desirable to cooperate fuHy witti 
others of his organization who are likewise re- 
sponsible for radiological defense, including 
decontamination. It will be an immediate con- 
cern not only to know that proper procedures, 
trained personnel, and equipment are available 
for personnel decontamination, but also for 
decontamination of essential equipment, struc- 
tures, and areas, including ambulances, medical 
equipment and supphes, and medical service 
installations. 
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How TO DECONTAMINATE PERSONNEL. The basic 

technique is simply a thorough soap and water 
scmb, with particailar attention to the scalp, 
hands, and skin folds and creases. A brush is 
recommended for the hands and scalp. This is 
followed by monitoring the skin and head with 
a beta-gamma survey meter. The ion chamber 
illustrated in Figure 40-13 usually is sensitive 
only to gamma, although some do have a beta 
window. This type of survey meter is not as 
satisfactory for personnel surveys as is the 
Geiger counter because of its lower sensitivity 
and normally longer time-constant requiring a 
longer time for each survey task. This type of 
instrument, however, nonnally has a greater de- 
gree of accuracy than does tibe Geiger counter. 
The probe of the survey meter should be held 
just short of skin contact to preclude contam- 
ination. If any part of the body surface is 
contaminated above permissible levels, the scrub 
must be repeated until permissible levels are 
reached. In geaieial, the soapless detergent pow- 
ders and water are somewhat superior to soap 
and water. 

A 10% solution of sodium bicarbonate is a 
good agent for decontamination of mucous mem- 



branes such as the conjunctiva and oronasal 
membranes. 

Contamination of clothing may be reduced 

by controlled brushing, shaking, beating, or 
laundering. In brushing, shaking or beating, one 
must consider the resulting air contamination; 
hence, masks are desirable for decontamination 
personnel. The Atomic Energy Commission has 
publications available on this subject. 

Additional details on decontamination proce- 
dures wiU be found in the references listed on 
page 40-24. 

DECXtNTAMiNATiNG AffiCKAFT. Aircraft exteriors 
are the most susceptible to radioactive contami- 
nation, both from flight through airborne radio- 
activity and from fall-out of nuclear fission 
clouds or radiological warfare agents. Flight 
through contaminated atmosphwe causes con- 
tamination essentially of leading edges, including 
wings, empennage, engines, oil cooler scoops. 
The basic process for decontamination consists 
of a washdown (hose-down) with a mixture of 
water and a detergent. The procedure is de- 
scribed in the Radiological Defense Manual, 
Vol. II. Aircraft interiors may become sUghtly 




Figure 40-12. Cutaway Diagram of a Typical Bela-gamma Survey IWeler of the Geiger Counter Type 

Legend: Detects beta and gamma radiation; usually has 3 ranges of sensitivity: 
0 — 0.2; 0 — 2.0; and 0 — 20 mr/hr; most convenient portable detector for low 
intensity radiation. 
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Sensitivity adjustment 



[— "Off and On" and Range selector switch 



"B" Battery 



Ionization chamber 




iero 



Chamber voltage batteries 



Figure «-13. Cutaway Diagram of a Typical Gamma Survey Meter, Ionization Chamber Type 

Legend r Detects gamma radiation; most instruments have 3 or 4 sensitivity 
ranges, the most sensitive being 0 — 2,5 mr/hr and the least sensitive measuring 
from 0 to 50 r/hr or more; the most convenient and rehable portable instrument 
for measuring low and medium radiation intensities. 



to moderately contaminated by flight through 
airborne radioactivity. One method of removing 
the contaminated dusts from the interior surfaces 
is by vacuuming. A tank-type cleaner exhausted 
downwind outside the airplane is recommended. 
Damp wiping and damp mopping are also use- 
ful procedures. It is believed that instances in 
which the interior of aircraft are contaminated 
to the extent of requiring decontamination will 
be rare. Detailed instructions for the decontami- 
nation of radioactive aircraft and materiel are 
contained in current Technical Orders. 

Contaminated food. Packaged foods and 
thick-skirmed fruits and vegetables offer no seri- 
ous problem except the need for care in removing 
containers or skins. Contaminated bulk items 
such as beef may be partially salvaged by careful 
removal of an outside layer. In all cases {except 
neutron-induced activity), foods may be used 
provided the external contaminated layer can 
be removed. Table 40-7 gives allowable levels of 
contamination for foods and water. In neutron 

induced activity, certain elements of the food 
:4-^^u „aL j . i. . 

decontamination as such impractical. 



ArR FORCE MEDICAL ASPECTS 
NW OFFENSIVE OPERATIONS 

Stbategic nucleab bombardment hazards. 
There is a small but real possibility that a 
strategic bomber over the target may acciden- 
tally fly through a fission cloud caused by 
atomic weapons from preceding bombers. In the 
mushroom cap of the fission cloud of a nominal 
weapon, a lethal external gamma radiation haz- 
ard exists during the first 90 seconds following 
detonation; between 90 seconds and 5 minutes, 
a serious but non-lethal hazard is present; after 
5 minutes the total radiation dose would not 
be detectable by available clinical diagnostic 
means. (Refer to Table 40-8 and Figure 4044 
for data on rates of fission cloud rise and esti- 
mated doses of radiation.) 

With regard to the possible danger of inhaling 
contaminated air in this sort of situation, it is 
the concensus that insufficient amounts of radio- 
active material would be inhaled to present a 
serious threat. However, due to the uncertainty 
of the long-term biological effects of breathing 
airborne radioactive material, the use ot a res- 
piratory filter as a part of the oxygen system of 
strategic aircraft may be advisable so that, when 
using the diluter-demand setting, for example, 
the airman's breathing supply is filtered. 
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Ihfught medical pboblems. An aircrew that 
has been exposed to a casualty dose of ionizing 
radiation during a mission may have serious 
medical problems during the post-strike part of 
the flight. Unit flight surgeons must train their 
aircrews in the control of nausea and vomiting, 
malaise and fatigue, and possible hysteria. In 
addition, they must see that their aircraft are 
properly equipped. 



For the relief of nausea and vomiting one 
might include in the survival Idt an antinause- 

ant; for malaise and fatigue a stimulant such as 
amphetamine or caffeine; and for apprehension 
or hysteria, sedatives. 

As far as is known, die use of morphine for 
control of pain of war wounds is not contra- 
indicated in the presence of radiation injury. 



Table 40-S. Estimated Gamma Dosages in an Aircraft Flying tlifoueh a Nuclear Cloud Cap at 300 mph 

Legend: These values are only approximate. Under the given conditions, tlie 
aircrew would survive the exposiire, if passage were made at any time after the 
first two minutes following detonation. 



Altitude 


Time after explosion 


Radius ol cloud 




Dosage rate 


(feet) 


Csetonds) 


(feet) 


Dosage (r) 


(r per lir.) 


15,000 


90 


3,100 


550 


140,000 


20,000 


140 


3,800 


260 


55,000 


25,000 


200 


4,500 


130 


24,000 


30,000 


300 


5,300 


70 


11,000 


35,000 


430 


6,100 


40 


5,600 


40,000 


600 


7,100 


25 


3,000 




Figure 40-14. Rate of Rise of tiie Airburst Atomic Bomb Cloud (Nominal Bomb) 

Legend: Rate of rise varies with the energy of the bomb and with meteorological 
conditions including vnnds, temperature gradient, and atmospheric density. 
Within about 10 minutes the mushroom cloud attains its maximum height of 
from 5 to 8 miles or more. 
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PosT-STEiKE BASE MEDICAL CARE. The Capabil- 
ity must exist at a post-strike base for adequate 
medical care of radiation casualties. Casualty 
badge doses should be evaluated to aid in 
estimating the degree of radiation injury. If the 
dosages are within permissible wartime limits, 
and if the crew is otherwise fit to fly, they may 
continue to their home station. ( See Table 40-6 
for table of permissible dosage and refer to the 
paragraphs on the treatment of NW casualties 
for guide to treatment.) Air evacuation of radi- 
ation casualties would normally be feasible; 
however, those with other severe wounds may 
have a low tolerance to altitude and careful 
attention to adequate oxygen during flight is 
essential. One must also recall the severe anemia 
that may occur later in the process of the dis- 
ease and the additive effect of hypioxic hypoxia 
on this. 



Graph I 



DOSAGE AND DOSE-RATE CURVES OF 
RESIDUAL RADIOACTIVITY 

Under certain conditions a nuclear attack may 
create a radiological hazard to personnel. Under 
such conditions, there will be a need for a rapid 
method of determining such factors as radiolog- 
ical dosage, dose-rate and lengths of time per- 
sonnel may remain in the affected area without 
exceeding specified dosage. This information can 
be estimated reliably by use of the following 
graphs, 

R =Ri t 

where R = dose-rate in r/hr 

at any time t 
Rj = dose-rate at 1 hr 

after the explosion, 
t — elapsed time in hrs 

after the explosion. 

Graph 1 

Graph 1 is used to obtain the dose-rate at 
any time after the burst when the dose-rate at 
any other time is known. 

Example 1: If the dose-rate one hour after 
the burst is 20m r/hr what will the dose-rate be 
5 hours after the burst? 



„„1 4- tU, 



_1 1 n / 



hr {200m v/hr). Follow this line until it inter- 
sects the vertical 5 hour line. This point of inter- 
section lies on the horizontal line 0.03 r/hr 
which gives the answer — 30m r/hr. 
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Graph 2 

D/R: Versus Time after explosion for Various 
Duratim's of stay. 

Graph 2 is used in conjunction with graph 1 
to solve problems involving estimated dosages. 

Example 2: What would be the dosage re- 
ceived by a task group entering an area six hours 
after a nuclear explosion remaining for a period 
of two hours, if the dose-rate is 60 r/hr at 5 hrs 
after the explosion? 

Solution — The dose-rate at one hour after 
the blast corresponding to the 60 r/hr at 5 hrs 
is, by graph 1, 400 r/hr. This value becomes Rl 
in graph 2. 

The point of intersection of the six hrs after 
the blast line with the two hour time of stay 
hne lies on the 0.2 D/R, line. Therefore: 

D/Ri = .2 and D = 400 X 2 = 80 r which 
is the estimated dosage received by the group. 

Graph 3 

Graph 3 is used to determine the total dos- 
age received for a particular duration of stay in 
a contaminated area, the dose-rate of which is 

1 -X. x.T_ _ _(■ Ti 1- - 

used to determine the maximum length of time 
one can remain when the maximum allowable 
dosage is specified and the dose-rate at time of 
entry is known. 
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Graph II 



Example 3: What dosage would an emergency 
party receive due to a nuclear blast if the party 
entered 7 hours after the blast at which time the 
dose-rate was 10 r/hr and tibe party stayed for a 
period of 8 hours? 



Solution — The point of intersection of the 
7 hours after the burst line and the 8 hour tune 
of stay line lies on the D/R line of 5. Since 
dose-rate at time of entry is 10 r/hr. 
D/R = 5 and D = 10 X 5 = 50r. 



O Ice: 





Graph III 
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Crash of a nuclear weapons carrier. Al- 
though security does not permit a detailed con- 
sideration here, this subject is mentioned be- 
cause of its potential importance in terms of 
special radiological hazards. The results of a 
crash of a nuclear weapon carrying aircraft, be- 
yond the usual damage of a crash, will depend 
upon several factors such as the force of the 
crash and whether or not a fire ensues. There is 
a possibility in this case of a chemical high ex- 
plosive detonation. It is possible, but not prob- 
able, that this may scatter radioactive material 
throughout the area which, depending on 
weather conditions, may contaminate a con- 
siderable area. The Flight Surgeon should dis- 
cuss the significant design and handling charac- 
teristics of the weapon involved, in order to 
better predict what eventualities might occur. 
This in turn v^fould provide necessary facts for 
an emergency plan for the air base. 

Photective equipment and techniques. The 
requirements for special protective gear and 
procedures to support Air Force operations with 
nuclear weapons are likely to change as addi- 
tional knowledge of weapons effects is gained 
and as new types of weapons and operational 
techniques are developed. Flight surgeons who 
become aware of deficiencies in this area, as 
well as other areas in the NW field, are urged 
to submit their comments and suggestions to the 
Deputy Chief of Staff, Development Headquar- 
ters, United States Air Force, and to send infor- 
mation copies to the Commander, Air Research 
and Development Command and the Surgeon 
General, Headquarters USAF. 

Airborne protective equipment and tech- 
niques. Eye protection is required for those 
aircrew members of nuclear weapons combat 
aircraft who are likely to have a direct view of 
nuclear explosions. (Refer to paragraphs on 
flash bh'ndness. ) This is particularly true for 
night operations in which the eye will be dark- 
adapted. Perhaps the simplest technique for 
both day and night operations is to keep the 
dominant eye covered during the critical vision 
period over the target. This is the period during 
which there is possibility of viewing directly a 
nuclear explosion. Mere closing of the eyelids 
will not be accomplished in time to prevent ex- 
posure. If one hand cannot be spared to cover 
the eye, the flyer should wear regular issue fly- 
ing glasses with the dominant eye lens rendered 
opaque, as by duii black paper applied to the 
inner surface. This measure has demonstrated 
its utility in exposures of light adapted eyes and 
should be used for night operations as well until 
superior methods are perfected. Although spe- 



cial protective glasses have not yet been stand- 
ardized, it is expected that protective glasses 
will be designed and adapted. 

A respiratory filter may be adopted as part 
of the oxygen system of strategic bombers, stra- 
tegic reconnaissance, and other aircraft whose 
operational missions carry some probability of 
exposure to radioactively contaminated atmos- 
phere. In defensive nuclear war situations, in 
which there is exposure of the aircraft, it should 
be equipped with individual respiratory protec- 
tive devices, A possible device is a cannis- 
ter to plug in between the oxygen mask hose 
and the efflux hose from the oxygen regulators. 
This permits use of dilutor settings since all 
breathing mixtures coming from the regulator 
must pass through the filter before being in- 
haled. This type of device when inserted in the 
oxygen mask hose additionally provides an ef- 
fective protective mask when used independ- 
ently of the oxygen system below altitudes of 
10,000 feet. Investigations are in progress to de- 
termine the feasibility of filtering the air intakes 
of aircraft pressurizing systems. Present develop- 
mental projects will result in filters which will 
be useful against NW, RW, BW, and CW agents. 

Radiation instruments. Normally, operation- 
al aircraft would have installed only a gamma 
radiation meter to show the presence and the 
intensity of gamma radiation. No useful purpose 
would be served by having complex radiation 
instruments aboard to record dosages, to dis- 
tinguish between alpha and beta or beta and 
gamma radiation, or to do other nonessential 
monitoring tasks. The gamma rate meter, how- 
ever, might serve as a warning device to don 
oxygen masks equipped with the protective 
filter, and perhaps also to attempt evasive ac- 
tion. The radiation meter ideally should have a 
probe in the nose of the aircraft as well as one 
located in the crew space to provide an evalua- 
tion of any residual radiation in the crew space 
once the contaminated zone has been passed. 

It should be remembered that once the lead- 
ing edges and other surfaces such as engines, 
exhaust pipes, oil intercoolers, etc., become 
contaminated by flight through radioactively 
contaminated atmosphere, a sensitive radiation 
detector will indicate radiation levels above 
background values for as long as the contamina- 
tion remains on the aircraft. However, the inten- 
sities measurable during flight through the con- 
taminated air will tend to be much in excess of 
the residual intensities that remain with the craft 
after it has passed the contaminated zone, This 
is an important point for tlie briefing of aircrews 
— i.e., unless the contamination of the aircraft 
has been extreme, as would result from the im- 
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probable accident of flight through the stem or 
cap of a newly formed atomic fission cloud, the 
residual radiation measurable within the crew? 
spaces would not be serious. 

Total and/or partial body shielding against ex- 
ternal gamma radiation has been proveu to be 
feasible in certain situations. 

Ground protective equipment. The items re- 
quired for radiation protection in connection 
with USAF special weapons operations divide 
themselves into three main categories: portable 
monitoring instruments such as Geiger counter 
type and ion chamber type survey meters 
and personnel dosimetry equipment; protective 
clothing and devices such as coveralls, caps, 
gloves, and dust respirators; and personnel de- 
contamination facilities. Special equipment for 
remote handling of radioactive gear would not 
ordinarily be required in special weapons com- 
bat operations. 

Radioactively contaminated aircraft. It is 
a desirable operating procedure to decontami- 
nate radioactively contaminated aircraft. Air- 
planes flying through radioactively contaminate 
ed air collect radioactive particles on all leading 
edges including nose, wings, empennage, ra- 
doroes, and nacdles, Lioading surfaces that are 
greasy, porous, soft or sticky collect and hold 
the particles efficiently; hence, in reciprocating- 
engine aircraft, one may expect to find the 
greater proportions of activity on the cylinder 
heads, oil intercoolers, and other frontal engine 
surfaces as well as on deicer boots, radomes, 
radio compass housings, and other projecting 
surfaces. In jet aircraft, the same principles ap- 
ply; but the greater concentrations of fission 
products would be found on the walls of the 
compression chambers, on the turbine blades, 
and in the exhaust tube. Contaminated areas 
that cannot be readily decontaminated should 
be plainly marked so that maintenance crews 
will not be unduly exposed. 

Ideally, contaminated aircraft should be com- 
pletely decontaminated. In practice, however, 
this is difficult. The purpose is to decontaminate 
sufficiently to prevent radiological health haz- 
ards for those who must service, repair, and 
operate the aircraft. A delay of 24 to 48 hours 
may even reduce exposure to acceptable work 
levels by natural decay alone. 

The radiation hazard from contaminated 
aibgratt. This is of principal concern to main- 
tenance persoimel. The whole body external 
gamma hazard is readily determined by moni- 
toring. Decontamination crews properly dressed 
and working at a safe distance with high pres- 
sure ]'ets of decontaminating agents run small 



100 




3 5 7 9 11 



HOURS AFTER EXPLOSION 

Figure 40-15. Rate of Decay of Mixed Fission Products After 
a Nuclear Explosion 

Legend: In this example, the radiation Intensity is taken 
as 100 at 1 hour. The formula, 

Ri=R,t-i.! 

may be used to estimate decay of mixed fission products. 
Ri is the dosage rate at unit time, be it one minute, 
hour, day, week, etc., after detonation; then Ri will be 
die dosage rate after the lapse of time, t, provided t is 
expressed in the same time units, 

risk of radiation damage. Mechanics, however, 
handling contaminated engines, are subject to 
whole body gamma radiation as well as local 
beta radiation exposure of the hands, arms, and 
other body contact points. Cuts, scratches, abra- 
sions, and pvincturc wounds suffered during re- 
pair of contaminated materiel expose the victim 
to internal alpha and beta emitter poisoning. 
Inhalation of dusts or sprays raised from a con- 
taminated surface is probably not without ex- 
posure hazard. Thus the need for decontaminat- 
ing and careful monitoring of aircraft is a real 
one. 

It should be remembered that time itself 
brings about an effective degree of decontami- 
nation through the radioactive decay process. 
To predict the decrease in radioactivity from 
the time decay of mixed fission products, one 
may utilize the formula and decay curve as il- 
lustrated in Figure 40-15. 
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Since the radiological monitoring instruments 
available for field use are normally calibrated 
against gamma rays and are not primarily de- 
signed to measure beta particles quantitatively, 
it is well, in the case of mixed fission products, to 
have an idea of the quantitative relationships 
between gamma and beta radiation from mixed 
fission products. This has been estimated as a 
ratio of 10 beta particles to one gamma ray. 
Under anticipated field conditions, the beta 
radiation of mixed fission products will not con- 
stitute an external hazard unless the measurable 
gamma radiation is in excess of 200 r per 24 
hours. 

USAF MEDICAL AND ALLIED SERVICES. By tak- 
ing graduate courses sponsored by the USAF, 
medical ofBcers may qualify as specialists in the 
special weapons field. The Medical Officer, 
Radiological Defense, AFSC 9646, is the best 
qualified USAF Medical Officer in this field. He 
must complete 10 months of graduate training, 
divided into 6 months of basic radiobiology and 
nuclear science at a civilian university, followed 
by assignments to AEC, military and civilian 
radiation facilities. 

Sanitary and Industrial Hygiene Engineers, 
AFSC 9124 or 9116, are qualified in the envir- 
onmental health and engineering aspects of the 
radiological health program. Such officers re- 
ceive special training, with particular regard to 
monitoring, shielding, handling, and disposition 
of radioactive wastes. (Health Physics) 

Nonmedical Air Force officers with special 
training in NW as well as other unconventional 
weapons include the Passive Defense Officer 
and the Munitions Officer. 

Organizationally, there should be a Radiologi- 
cal Defense Medical Officer and a Passive De- 
fense Officer on the staff of all numbered air 
forces and higher USAF commands. Line Offi- 
cers and Medical Officers who have had indoc- 
trination in nuclear, biological, and chemical 
warfare will be assigned to operational groups, 
separate squadrons, and other units where nec- 
essary, and to higher echelons when a special 
requirement exists. 

Radiological defense laboratory service. 
Expertly stafi^ed and well-equipped laboratories 
exist where one may secure both technical in- 
formation and laboratory service of various 
types. For instance, at these laboratories, sam- 
ples of water, food, soil, air, human tissues, 
body fluids, etc., can be measured accurately for 
radioactive contamination. Experts from these 
laboratories may be called to any Air Force in- 
stallation to assist in radiological defense. Fol- 



lowing is a list of USAF laboratories capable of 
the foregoing types of activities ; 

Radiobiology Branch, School of Aerospace 
Medicine, USAF, Brooks Air Force Base, Texas. 

University of Chicago, USAF Radiation Lab- 
oratory, 930 East 58th Street, Chicago 37, Illi- 
nois. 

Environmental Health Laboratories, Air Force 
Logistics Command, which are located at Kelly 
AFB, Texas, and McClellan AFB, California. 

Additional sources of expert technical infor- 
mation are the Office of the Surgeon General, 
Hq. USAF, Washington 25, D. C, and Head- 
quarters Air Force Systems Command. Each 
Headquarters is equipped with radiation detec- 
tion and laboratory type equipment, services of 
which are available in accordance with the pro- 
vision of AFR 160-15. In addition. Air Force 
Logistics Command Laboratories provide a serv- 
ice for the reading of film badges. 

Other government laboratories that could pro- 
vide this type of service by special arrangement 
through the Office of the Surgeon General, Hq. 
USAF, are: 

U. S. Naval Radiological Defense Laboratory, 
San Francisco 24, California. 

Naval Medical Research Institute, Bethesda, 
Maryland. 

National Institutes of Health, Bethesda, Mary- 
land. 

Brookhaven National Laboratory, Upton, Long 
Island, New York. 

Oak Ridge National Laboratoiy, Oak Ridge, 
Tennessee. 

Argonne National Laboratory, Chicago, Illi- 
nois. 

Los Alamos Scientific Laboratory, Los Alamos, 
New Mexico. 

Armed Forces Special Weapons Project, San- 
dia Base, New Mexico. 

Medical hecobds. DD Form 1141, "Record 
of Exposure to Ionizing Radiation," has been 
established to maintain proper records of expos- 
ure to ionizing radiation. A record of exposure 
is maintained in the individual's medical rec- 
ords. These records should be reviewed from 
time to time to insure that individual exposure 

Overexposure should be explained on this form. 
(See AFP 160-6-6 and AFR 160-31.) 

Radiological monitoring. Personnel moni- 
toring procedures have already been discussed. 



40-22 



FLIGHT SURGEON'S MANUAL 



The Fli^t Surgeon may be called upon to su- 
pervise radiobgical monitoring of a variety of 
things besides people. In general, the proce- 
dure is relatively simple i^rovided one has prop- 
er survey equipment and knowledge of its use 
and capabilities. Personnel dosimetry devices 
should always be worn. If possiblt;, a uniform 
distance should be maintained between the 
monitoring instrument and the surface being 
measured. Contaminated aircraft interiors 
should have wipe samples taken from represent- 
ative surfaces, such as the decks in crew spaces, 
navigator's table, surfaces near the ventilation 
inlets, and other locations. 

Air itself may be sampled by collecting on 
standard laboratory filter paper sealed over the 
intake of a vacuum cleaner, preferably of the 
tank type, and allowed to collect for a known 
period of time. Normally the collection period 
should be at least thirty minutes. The sample 
papers should then be carefully sealed in double 
envelopes and submitted to the nearest labora- 
tory capable of radiological measurements, along 
with data concerning the brand of vacuum 
cleaner used, tiie dimensions of its intake orifice, 
and the length of time used for collection, as 
well as facts about the source of the sample 



and whether or not it came from fission cloud 
fall-out, from surface dusts, from contaminated 
surfaces or other sources. 

In all cases, the date and hour of the atomic 
explosion or radiological warfare attack consid- 
ered responsible for the sample should be in- 
cluded. Equipment for collection of samples 
for submission to laboratories is contained in the 
field kits provided Sanitary and Industrial Hy- 
giene engineering personnel. Services of such 
may be obtained through the major Air Com- 
mand Headquarters, in accordanee with the 
provisions of AFR 160-17. 



RESEARCH AND DEVELOPMENT 

A very extensive research and development 
program is in progress to ascertain the basic 
biomedical facts of NW hazards to provide im- 
proved means of preventing and treating injur- 
ies. Much has been leEamed about &e funda- 
mental processes of ionizing radiation, thermal 
injury and blast injuries; however, there is 
insufficient information as yet to provide cer- 
tain protection and dependable therapeutic 
measures. 
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Medital Aspecfs 
of Biohgital Warfare 
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Considerable material has been presented in 
the lay press which tends to arouse fears of 
major outbreaks of disease which might be 
initiated by an enemy. Medical officers will 
realize that such fears are largely groundless, 
since military and civilian health agencies are 
already prepared to cope with outbreats of 
most communicable diseases. All USAF medical 
officers should recognize, however, that biolog- 
ical agents might indeed be used with consid- 
erable effectiveness against small, critical target 
populations. Each medical officer should evalu- 
ate the vulnerability of his own organization, 
and plan a program against biological warfare 
based on local requirements. 

Modes of DissentinaHon of Biological Agents 

Biological agents might be used, itt large-scale 
direct military assault, by means of aircraft 
sprays, bombs, or shells. Against limited targets, 
biological agents might be used by contamina- 
tion of food or water supplies, or by aerial dis- 
persal in crowded £^as — as in trains, subway 
tunnels, ventilating ducts of buildings, or in 
crowded rooms. 

Biological Agents Likely to Be Used 

It would be impossible to predict, without 
direct reports through intelligence channels, 
what biological agents an enemy might choose 
to utilize. It is likely, however, that certain cri- 
teria wotild be apphed in making the choice. 
The agent would have to be one which would 
withstand — at least for a time — the atmos- 
pheric or environmental conditions to which it 
would be exposed. It would be one against 
which the intended victims had little or no 



natural or artificial immunity. It would be one 
characterized by a high infeetivity by Qxe in- 
tended route, and a high attack rate among 
exposed personnel. 

Apphcation of these criteria to the known 
agents of human disease peirnits the recognition 
of a number of disease agents which might be 
used by an enemy. Each agent has a few prop- 
erties which might make it suitable for use in 
biological warfare; in most cases, each also has 
some properties which detract from its effec- 
tiveness. The following diseases have been men- 
tioned by writers in this field as possible weap- 
ons in BW: anthrax, botiilism, brucellosis, coc- 
cidioidomycosis, glanders (and melioidosis), 
plague, psittacosis, Q fever, and tularemia. It 
should be recognized that these diseases have 
been mentioned merely for purposes of discus- 
sion, and that many others might be considered 
by an enemy. The possibility of mixtures of 
agents, to ctmplicate diagnosis and treatment, 
should also be recognized. 

Agents of plant and animal diseases might 
also be considered by an enemy in a program 
of biological attack on food supplies. 

Detection 

Information on the use of BW by an enemy 
mi^t come through various routes; 
1. Through intelligence channels. Prior to hos- 
tilities or the use of BW, direct reports would 
be required. In time of combat, any of a num- 
ber of suspicious circumstances might be sig- 
nificant: 

a. Use of unusual types of weapons or tech- 
niques. 
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b. Otherwise luiexplained presence of spe- 
ciaHzed troops — sanitary, chemical or engi- 
neering troops trained in biological methods* 

c. Unusual or unexplained amounts of spe- 
cialized material, such as bacteriological 
equipment. 

d. Unusual security precautions placed on 
shipment or storage of materiel, especially 
materiel held under refrigeration. 

e. Issue of unusual protective equipment, 
such as masks, hoods, special clothing, and 
gloves. 

f. Enemy instruction of troops on biological 
warfare. 

g. Unusual immunizations of troops, as indi- 
cated by captured records. 

2. Through study of specimens collected after 
suspected attack. This would require definite 
suspicion concerning the attack, and the study 
would have to be carried out promptly after the 
episode. 

a. Air samples collected with air impingers. 
Various types of air samplers can be impro- 
vised. The simplest is one which bubbles air 
through a sterile broth medium; the broth is 
then sent to a well-equipped laboratory for 
examination. 

b. Cultures of objects suspected of having 
been contaminated. Items of equipment, 
foods, or water, should be handled in a man- 
ner which would permit recovery of biolog- 
ical agents in laboratory examinations. 

3. Through recognition of cases by alert diag- 
nosticians. Complete and careful epidemiolog- 
ical study of suspicious outbreaks of disease 



must be made. The greatest caution must be 
used to rule out "normaF' modes of infection, 
and to avoid accusations of biological warfare 
when modes of infection are not clear. Up-to- 
date knowledge of the health of a command is 
imperative. In civilian and military industrial 
groups, evaluation of absenteeism may be sig- 
nificant. 

Defense 

1. Security is of the utmost importance, and 

although this is largely outside the province of 
the medical service, the medical officer may 
contribute to the program by alerting his com- 
mander to the possible hazards. In criticEd or- 
ganizations, special security measures may be 
justified for food handlers, utilities technicians, 
and others who have access to vulnerable areas. 

2. Intelligence. The Flight Surgeon may con- 
tribute to this program by evaluation of medical 
intelligence reports, by assistance in interroga- 
tion of prisoners when BW activity is suspected, 
and by prompt reporting of pertinent informa- 
tion to higher medical levels. 

3. Prophylaxis. This is possible only if intelli- 
gence reports have indicated the specific agents 
likely to be used. Given the proper information 
and sufficient time, prophylaxis can be accom- 
plished in some cases by use of vaccines, drugs, 
and antibiotics. 

4. Individual protection. In the face of sus- 
pected attack, the use of the currently issued 
gas masks will provide protection to the respira- 
tory tract. Ordinary clothing provides considera- 
ble protection to tiie skin, but gaps in this pro- 
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tection should be closed by the use of gloves, 
improvised hoods, and closure o£ openings in 
the clothing. In removal of clothing and equip- 
ment which has been contaminated by aerial 
attack, protection must be provided for ^se res- 
piratory tract while the contaminated material 
is being handled. 

5. Collective protection. Ordinary buildings, if 
intact, provide considerable protection against 
agents disseminated through the air. Complete- 
ness of protection depends upon air-tightness 
and freedom from outside drafts. 

6, Decontamination. When equipment or ob- 
jects are known to be contaminated, they must 
be destroyed or decontaminated. The bleach 
paste ( "slurry" ) used for chemical decontamina- 
tion is eflfective against most biological agents, 
in situations where the equipment wiE not be 
damaged. 10% formalin is useful in certain sit- 
uations. Clothing and personal equipment can 
be sterilized with steam, in some cases, by the 



use of autoclaves. Gaseous disinfection can be 
carried out in autoclaves, cans, or improvised 
chambers (such as a section of a large aircraft 
inner tube, clamped at both ends after loading 
with equipment, and using the valve stem for 
introduction of gas), using a mixture of ethylene 
oxide and carbon dioxide (the mixture is com- 
merciaUy available as "Carboxide," for use in 
fumigation of imported spices, foods, etc.). In 
the absence of other materials, soap and water 
are fairly effective in decontaminating skin; 
boiling is appHcable to water and to many items 
of clothing and Water. Conteniinated, unpro- 
tected items of foods should be destroyed or 
thoroughly cooked. 

7. Handling of casualties. Casualties would be 
treated in the same manner as if the same dis- 
ease had occurred through "normal" modes of 
infection. Therapy, isolation if appropriate, and 
general management would be dictated by com- 
mon medical practice. 
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The possibility of the use of chemical agents 
by an enemy must never be forgotten. Medical 
officers must be famihar with the types of chem- 
ical agents which might be encountered, the 
damage caused by these agents, and the princi- 
ples of treatment of casualties. Important infor- 
mation OH several of the chemical agents is Out- 
lined in Table 42-1. Additional detail is found 
in AFM 160-12, Treatment of Chemical Warfare 
Casualties, which should be studied by every 
medical ofHcer. 

5e[f-Aid 

Military personnel must be taught the princi- 
ples of Self-aid, since immediate self-aid or de- 
contamination following contact with liquid 
nerve gases or blister gases is the all important 
factor in reducing the number of casualties. 
There are definite time limits after which self- 
aid is useless. The aim of decontamination is to 
remove or to neutralize the agent before serious 
injury occurs. Unless incapacitated, each man 
must care for himself. 

Intramuscular injection of atropine (2 mg) is 
essential upon the appearance of first symptoms 
after nerve-gas exposure. If symptoms continue, 
a second injection of 2 mg of atropine should be 
administered. Special ampins to allow self- 
adminT.stration have been developed and should 
be available. 

If an individual has been contaminated by 
liquid blister gas, as from an airplane spray or 
bomb burst, he must carry out several self-aid 
procedures as rapidly as possible. With due re- 
gard to the practicability of carrying out these 
measures under the existing circumstances, the 
following order of procedure is recommended; 



1. Apply self-aid measures for the eyes when 
contaminated with liquid nerve or blister gas 
and follow by decontamination of the face. Hold 
the breath until masked, if at all possible. 

2. If wearing eyeshields, remove and discard. 
Decontaminate the face and then apply gas 
mask. Hold the breath until masked, if possible. 
.3. Decontaminate areas of skin which have 
been contaminated by liquid nerve or blister gas. 
4. Remove or cut away clothing which is heav- 
ily contamioated with Hquid nerve or bHster gas. 

Treatment 

The medical services are concerned only 
WITH CASUALTIES, and will carry out decontami- 
nation procedures solely on those individuals 
unable to decontaminate themselves. Medical 
personnel must be fully protected before coming 
in contact with casualties. Gloves should be 
worn and all open skin should be covered, be- 
cause the chemical (G) agent can be absorbed 
through the skin. 

After an attack with chemical agents, a major 
problem is the establishment of facilities for 
handling casualties. These facilities must be di- 
vided into "clean" and "contaminated" sections, 
and thorough decontamination must be carried 
out before a casualty is passed from the con- 
taminated section to the clean. If an individual 
is suffering from traumatic injury and has also 
been contaminated with liquid blister or nerve 
gas, decontamination is ordinarily carried out 
before treatment of the injuries. An exception to 
this rule, of course, is the control of massive 
hemorrhage which if delayed would cause 
death. 
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Detecfion and Decontamination 

Because the nerve gases and the vesicants 
may be used as liquids which contaminate foods, 
water, clothing, and equipment, and because 
tiiese agents are pei^sistent, detection and de- 
contamination may be extremely important. 



Medical officers should familiarize themselves 
with the Kit, Water Testing, Screening, which 
contains reagents and directions for the detec- 
tion of the nerve gases and vesicants. Tech- 
mqnes for decontamination are covered in AFM 
160-12. 



Table 42-1. Chemical Warfare Agents 





Pliysfcal 
Properties 


Odor 


Action 




Treatment 


Decontam- 
inating 
Agent 


Self- 
Aid 


NERVE GASES 
Sarin 
Soman 
Tabun 


Volatile, 
oify 
liquids 


Practi- 
cally 
none 


fnactiva- 
: tion of 
cholines- 
terases, 
disturb- 
ing func- 
tion of 
smooth 
muscle 
and 
nerves. 


■■I 

Miosis B|H 

Ciliary " 
spasm 

Eye pain 

Headache 

Salivation 

Broncho con- 
striction 

Cyanosis 

Convuisiofls 


1. Decontam- 
ination 

2. Large doses 
of atropine 

(2 mgm. doses 
repeated 
twice, if 
needed, at 
5 mifi. in- 
tervals) 

3. Barbituates 
for con- 
vulsions 

4. Artificial 
respiration 


1. Calcium 
hypo- 
chlorite 
paste 

2. 5-mi 
Na-COs 

1 3. 5-l"0% 
NH4OH 
4. 2% NaOH, 
or 

'5. Soap and 
water 


Mask 
Atropine 

ampin 

at first 

symptoms 


^BTER GASES 
Mflstard 


Volatile 
oily 
liquid 


Garlic 
or 

horse- 
radish 


Lysis of 
certain 
epithel- 
ial cells 


mi: UelaydB 

B conjifflcti- 91 
Bvitis, oor- 


BALEye 
Ointment 

Ordinary oph- 
thalmic 
therapy 


BAL Eye ft/lask or 
Ointment • eye shield 
1 BALEye 
1 Ointment 










SKIN: Delayed 
erythema and 


Decontamina- 
tion 

Protective 
Ointment M-5 

Treat burns as ] 
if thermal | 


Protective 
Ointment 
IVl-5 . 


Decontam- 
ination 

Protective 
Ointment 
M-5 
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Table 42-1. Chemical Warlars Agents (Cent) 



m 



Physical 
Properties 



Odor 



Action 



Symptams 



LUNG: Delayed 
patchy edema 
latalec- 





1 Decontam- | 






1 limUng 


Self- 


Treatment 


1 Agent 1 


Aid 


Codeine 


Mask 



NitfOgen Volatile 
k Mustards oily 
we liquitis 



None 
or 

faintly 
fishy 



Ditto, 
plus in- 
jury to 
hemato- 
poietic 
and lym- 
phatic 
tissues 



^1^1 

^Mlart( 

Hnustar 



to 

lustard, but 
^mptoms 
apprar; 
Anemia and 
leukopenia^ 



Arsenicaf Volatile • Fruity 

Vesicants oily or 

liquids Geranium 




Gas above 
8° C. at 
ordinary 
atmos- 
pheric 
( pressure 



Similar to 
mustard 
plus liver 




Gargles 
Usual medical 
therapies 

Same as for 
mustard 

Transfusions 
if needed 



Similar to 
mustard, 
but local 
pain is 
almost 
iR)mediat»J 



"Green 
corn 
silk" 



Damage to 
epithelium 
of lungs 
and eyes 



, SYSTEMIC Colorless 
I POISONS volatile 

Hydro- , liquid 
cyanic 



"Bitter 
almonds" 




Same as for 
mustard 



Same as for 
mustard 



Same as for 
mustard 


Same as for 
miKtard 


Same as for 
mustard 


Rest 

Oxygen in- 
halation 


None ordin- 
arily need- 
ed (agent 
is non- 
persistent) 


Mask 
Rest 




Injury to 


Low concen- 


Amyl nitnte h 


None ordin- 


respira- 


trations: 


inhalation | 


arily {agent 


tory 


headache, 


Artificial B 


is non- 


enzymes 


vertigo, 


respiration » 


persistent) 


of tissues 


nausea, con- 
1k vulsions, 
Higher con- ■ 
■ cenlrattonsfl 
1^ deep respin 

tion, con- 

vulsions, B 
|k deatli (skqH 
Kspink] 


Intravenous 
sodium 
nitrite and 
sodium thio 
sulfate 





Crystal- 
line 
solids, 
dispersed 
by heat 
as smokes 



"Burning 
fire- 
works" 



^ LACRIMATORS 
( (Tear gases) 
* Chtoracel- 
ophenone 
Chloracet- 



Stlnging 



Solid 



ophenone 

solution I Liquid 



Liquid 



Local irri- 
tation of 
respira- 
tory tract. 



Pain in nasal 
and sinus 
regions. 



Chloroform 
inhalation 



Local 
irritation 
of eyes 




None usually 
required 



None ordin- 
arily needed 
(agent is 
non- 
persistent) 



IVIask 



Mask 



None ordin- 
arily 
needed 



Mask 
Avoid rub 
btng eyes 
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Psythalagital Warfare 
and Fsytholagital Implications of 
Hutlear Warfare* 



f ; 



The trend of world political and military 

events during the present period of interna- 
tional tensions, cold war, nuclear weapons and 
ballistic missiles has emphasized the importance 
in military medicine of understanding the effects 
of and defenses against situationally induced 
emotional disorders which threaten the morale 
of the civihan and mihtary populations. These 
understandings involve consideration of the 
broad principles of psychological tvarfare, as 
well as the more specific problems related to 
the control of mass psychological disorders in 
nuclear warfare. Defensive psychological war- 
fare, as discussed below, includes control meas- 
ures and defenses against the possibility of mass 
psychological casualties resulting from nuclear 
bombing. This discussion applies both to mili- 
tary populations and to the civilian population 
of the United States which faces the possibility, 
for the first time in the history of our nation, of 
mass bombing of our cities and our homeland. 

Psychological warfare Is a part of the planned 
strategy to build up or break down civilian or 
military morale. Defensively, it is directed to- 
ward the civilian population and troops of the 
homeland. Offensively, it is directed against the 
enemy. It is of the utmost importance for the 
Fhght Surgeon to understand the principles of 
psychological warfare and to recognize its ef- 
fects upon the personnel under Ms catfe. 

Defensive psychological warfare includes not 
ordy the building up of morale, but also those 
measures necessary to counteract the attack of 
the enemy. Examples of effective defensive 

"A large part of this section is based on a paper by 
Colonel Albert J. Glass (MC) USA (7). 



measures include education in the effects of 
nuclear bombs and methods of protection: Drills 
and rehearsals of safety procedures; organization 
of defense measures; rumor chnics; reassurance 
of the population by the pubhc appearance 
of leaders and heroes; and reports of atrocities 
to inspire hatred of the enemy. Examples of 
effective offensive measures include economic 
deprivation by bombing; inspiring fear and pan- 
ic by bombing; inspiring lassitude, depression, 
or despair by circulating rumors; and propa- 
ganda exploitation of victories. 

Among the problems of most direct and inxme- 
diate interest to the Flight Surgeon are the 
following: 

1. Disaster control of bombed or panicked 
populations; Significance and prevalence of 
emotional reactions, provision for psychiatric 
casualties, measures against panic, emergency 
evacuation, and use of shelters. 

2. Training and inoculation of personnel 
against emotional disruption and disaster: Re- 
cruitment and assessment of etnergency unit 
personnel, coordination of effort between local 
units, group identification and activities, assign- 
ment of emergency duties, management of relief 
workers^ and techniques of counteracting feel- 
ings of insecurity and pessimism. 

3. Education for survival: Public education 
programs, problems of motivation, anxiety- 
reducing information, protection measures, and 
equipment for individuals. 

As Glass has stated, "In future combat, noiU- 
tary medicine must be prepared to care for 
mass casualties of a magnitude and an abrupt- 
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ness of .causation which far exceed any of its 
previous experiences in conventional warfare. In 
planning to meet this challenge, the types and 
numbers of physical injuries to be expected can 
be reasonably estimated from the quantities of 
heat, blast and radiation that will be unleashed 
by the atomic explosion. However, the effect of 
the psychological trauma, accompanying such a 
destructive weapon, in producing mental break- 
down or otherwise adversely influencing behav- 
ior, is not so susceptible of measurement or pre- 
diction. Yet, the emotional state of the relatively 
uninjured survivors in nuclear attack is of pri- 
mary consideration. It is only by the efforts of 
these physically intact persons that there can be 
prompt reorganizing for life saving aid, rescue 
of the seriously injured, and effective defense 
organized against an immediate enemy assault 
to exploit such a tactical situation." 

Previous expebience with catasthophe. 
There has as yet been little experience with mass 
behavioral reactions to nuclear disaster, but it 
is believed that information collected from the 
reactions of widely separated mihtary and civil- 
ian groups to catastrophic traumas is relevant 
in formulating principles which are most likely 
to apply. The experience of the U. S. Array 
in World Wars I and II and in Korea includes 
numerous observations and investigations of 
troops exposed to a wide range of intensity and 
type of battle stress. These have thrown light 
on the circumstances in combat most likely to 
produce psychological breakdowns which are 
currently referred to as combat fatigue or com- 
bat exhaustion. Over the years. Army psychia- 
trists have developed brief and simple methods 
of treating such cases successfully. 

The strategic bombing surveys of the effects 
of mass bombing on Germany, England and 
Japan in \^'orld War II, summarized by Janis, 
have produced much significant information on 
the effects of bombing on the civilian popula- 
tion. Another general source of information in 
this field comes from studies of disasters, such 
as fifes, explosions, hurricanes, tornadoes, floods 
and panics. In anticipation of the need for a 
better understanding of individual and group 
behavior of populations subjected to disaster 
conditions, the National Research Council, in 
1952, established the Committee on Disaster 
Studies, to make on-the-spot field investigations 
of such spontaneous or natural civil disasters. 
This committee has already published nine ma- 
jor reports based on experiences in the United 
States, and four others based on the Holland 
Flood Disaster of 1953, translated from the 
Dutch reports of the Netherlands Institute of 
Social Research. In view of the limited amount 



of first hand information on nuclear bombings, 
confined only to the studies of Hiroshima and 
Nagasaki, the broader approach to disaster re- 
search has assumed strategic importance. 

Common behawoe patterivs in disaster 
SITUATIONS. Glass has noted the following gen- 
eralizations reflecting behavior patterns reported 
consistently in most situations of severe trauma, 
irrespective of the cause or the culture of the 
group involved. 

(1) Panic, which involves uncontrolled flight 
and frantic, disorganized, purposeless activity is 
relatively rare in disaster situations. It has been 
observed principally when the situation involved 
the feature of partial entrapment. People may 
be expected to react in mass panic when faced 
with an immediate threat of destruction (actual 
or perceived) where there is either a rapidly 
closing or a limited escape route, but one which 
appears to be open to safety. Under such cir- 
cumstances, there would be precipitous, dogged 
flight to avoid destruction. And when the escape 
route becomes blocked or Jammed, frantic and 
irrational activity is the result. Quickly spread- 
ing, such panic causes people to be trampled 
upon, thoughtlessly assaulted and stampeded 
like cattle. Alternate escape possibilities tend to 
be ignored even when present. This does not 
mean, however, that precipitoii.s flight is in itself 
panic or that when an escape route is open it 
should not be used. The difference between un- 
controlled panic and orderly, even if hasty, 
flight, lies in the retention of human reason and 
control. 

(2) Chronic mental illness, such as psychoses, 
prolonged depressions and chronic neuroses, is 
not caused by the psychologic trauma of disaster 
or other acute catastrophic events. Admission 
rates for such chronic psychiatric disease were 
not particularly increased in England, Germany 
or Japan throughout the mass bombing of civil 
populations during World War II. The British 
actually prepared facilities to receive large num- 
bers of psychiati-ic casualties that were expected 
as a consequence of German air attacks, ljut the 
niunber of cases requiring hospitalization was 
slight. Little severe or persistent mental disease 
resulted from the atomic bombing of Hiroshima 
and Nagasaki. Finally, the results of civilian 
disaster studies in the United States confirm 
this generalization. 

(3) Temporary emotional disruption has been 
the characteristic and most frequently observed 
psychologic abnormality noted in the traumatic 
situations studied. Such traftsient mental disor- 
ders arc apparently a direct i-esult of the exter- 
nal trauma ( explosion, destruction, fire, etc, ) 
and commonly occur during or very shortly after 
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the disaster impact. However, some cases also 
occur in susceptible persons in the anticipatory 
period of threat prior to the actual danger. The 
reactions involve disturbances o£ function with 
symptoms varying in severity from stunned, 
mute behavior or uncontrolled, purposeless 
flight to trembhng tearful helplessness, apathetic 
depressed states, inappropriate activity an<3 pre- 
occupation with somatic effects of increased 
emotional tension. 

Such disorders are typically temporary, amor- 
phous, and self-limited, lasting for minutes, 
hours or days and more rarely, for weeks. Be- 
cause of their disorganization and helplessness, 
affected persons are highly susceptible and re- 
sponsive to the attitudes and behavior of others. 
This phenomenon can either function to dete- 
riorate the situation or, if attacked with effec- 
tive, plarmed action, to control the severity and 
duration of symptoms and curtail non-effective 
behavior immediately after the cessation of overt 
danger, 

Recovery from temporary emotional danger 
and return to normal functioning capacity usu- 
ally takes place within one or several days. 
Hovrever, residual effects involve heightened 
sensitivity to danger which may be broadly dis- 
tributed. These residue are in some respects of 
primary importance for morale and effective 
countermeasures by &e population siitee they 
involve an increased state of apprehension 
which may be accompanied by insomnia, irrita- 
bility, poor appetite, weight loss, and dimin- 
ished work efBciency. These effects may last for 
weeks or longer depending on the continuing 
nature of the threat. Some persons with tnore 
severe residual reactions may absent themselves 
from work in a danger (or probable target) area 
or seek relief by moving to a presumed safer 
locale. 

Glass noted that "soldiers who have recovered 
from combat fatigue with residuals of marked 
apprehension are temporarily reassigned to non- 
combat duties, since military experience indi- 
cates that these overly sensitized persons are 
prone to a recurrence of emotional disruption if 
too quickly re-exposed to battle conditions. In 
most persons residual apprehension gradually 
diminishes over a period of weeks. This im- 
provement was demonstrated during the Korean 
Campaign by former psychiatric casualties with 
severe residual tension who were able to return 
to effective combat duty after several months of 
noncombat assignment." 

(4) Fear is the most common reaction of all 
persons under stress, whether exposed to battle, 
air bombardjaent, spontane«>us civil disaster or 
nuclear attack. Most investigators of combat and 



civil disaster found that the majority of people 
subjected to severe external trauma either ad- 
mitted that they experienced fear reactions or 
showed them unmistakably in their behavior. 

However, fear is a natural, adaptive reaction 
to danger and does not necessarily prevent ef- 
fective and even extraordinary courageous be- 
havior when kept under control. It is true that 
the disquieting subjective feelings accompany- 
ing fear tend to hinder rather than aid the 
threatened person. When fear is intense as in 
disasters its inhibitory effects typically lead to 
the transient emotional disorders described 
above. Hence the widespread occuifence of fear 
aiBQng individuals exposed to danger and disas- 
ter can be i-egarded as the source of psychologic 
casualties. It is therefore a maiter of vital im- 
portance to take measures to reduce fear among 
persons exposed to severe danger, since this is 
the most profitahle approach to the reduction of 
noneffective behavior incurred for psychologic 
reasons in disasters. 

Glass predicted that the over-all population- 
wide incidence of emotional breakdown, as well 
as physical injuries, incurred under -nuclear 
warfare, will approximate the experiences of 
conventional warfare, with the major difference 
arising from the greater destructive power of 
nuclear Weapons to cause large numbers of all 
types of casualties rapidly and in concentrated 
areas, as contrasted with the fluctuating, but rel- 
atively constant smaller number of casualties 
that were produced from day to day over many 
areas of the battlefront in previous combat. "If 
both conventional and nuclear weapons should 
be utilized jointly in tactical combat situations, 
along with atomic attack upon rear or support 
troops, increased psychologic as well as more 
numerous physical casualties can be expected." 
Nevertheless, the unique power of nuclear 
weapons to cause large concentrations of casual- 
ties in time and space place a heavy burden 
and responsibility on the tesources and facUi- 
ties of the medical service. 

The prevention and rapid rehahiUtation of 
psychologic disorders in both military and civil 
populations exposed to nuclear attack and other 
disaster resulting from warfare is a stark neces- 
sity for national survival. Every relatively intact 
survivor will be urgently needed l)oth to con- 
tinue combat or logistic support activities and 
to give aid and rescue the injured. Medical 
evacuation facilities will be heavily occupied 
with care of the physically injured. If at all pos- 
sible, the additional psychiatric burden should 
be minimized or eliminated by preventive and 
recuperative organized group elFort. The psy- 
chologic aspects of conserving both the fighting 
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strength and the supportive strength of the na- 
tion are therefore a major consideration in nu- 
clear warfare. 

PREVENTION AND REHABILITATION OF 
PSYCHOLOGIC DISORDERS 

The ideas incorporated in this section are 
based on the sources dfeeussed previously and 
will "be subject to revision when and if actual 
experience of nuclear attack occurs. 

(1) Nature and expected incidence of reac- 
tions. It has hem commonly observed that 
abrupt serious threats may either accelerate or 
inhibit adaptive responses. As reported by 
Glass, Rioch believes that danger first produces 
an alerting reaction in which a) attention 
is focussed on elements of the threatening en- 
vironment which the individual perceives as 
pertinent, b) evaluation is potentiated so that 
rapid decisions can be made, and c) homeosta- 
tic mechanisms mobilize the circulatory, meta- 
bolic, endocrine and muscular systems for 
heightened and sustained activity. However, 
when the individual is confronted with an over- 
whelming threat and lack of confidence, then 
the reaction may turn to fear and cripple or in- 
terfere with the evaluative function, with result- 
ing suggestibility, docility, helplessness and in- 
ability to make even minor decisions. Usually 
these psychologic symptoms may be accompa- 
nied by somatic manifestations of anxiety. 

After varying, but usually brief time, most 
persons regain a grasp of their surroundings and 
sufficient control to permit rapid goal-directed 
eflForts, such as rapid flight or movement to safe- 
ty. Inamediate concern is generally with self- 
preservation, but very quickly social responsibil- 
ity is reawakened in many persons who may 
perform heroic rescue feats and acts of leader- 
ship even while under the grip of strong fear. 
Military experience confirms the psychologic 
truth that purposeful activity reduces fear. Just 
as fear is contagious, the subtle attack on fear 
through eflfective, controlled responses to the 
requirements of the situation, particularly by 
leaders and high status individuals, is a power- 
ful antidote to the disorganization produced by 
fear. Inaction under strong threat is disastrous 
in producing a chain reaction of fear and inhi- 
bition which may paralyze a population. Pur- 
posive action is mandatory. 

Individuals differ in their ability to cope with 

threatening danger. Glass estimates that under 
nuclear attack only about 15 to 25 percent 
of the population exposed may be expected 
to react effectively. These effective participants 
in disasters have been described as "too busy" 
meeting problems to be occupied witii subjec- 



tive fear, although other reactions may develop 
later. The remainder and large majority of the 
people are more hkely to react to sudden dan- 
ger by being stunned and bewildered, unable to 
cope promptly and adequately with the situa- 
tional threat. 

Prior training to implement warning systems, 
development of organizational discipline, dis- 
semination of information concerning location of 
places of safety and technics of personal protec- 
tion and maintenance of an efiEective communi- 
cation network are feasible measures to mini- 
mize errors of perception when the nature of a 
severe traumatic threat, such as enemy attack, 
can be anticipated. Such measures need to be 
made a matter of grave concern to reduce dis- 
turbing anticipatory errors and also to insure to 
the greatest possible degree that danger is per- 
ceived realistically when it strikes. 

(2) E-ffects of intensity and duration of the 
traumatic agent. As the magnitude of danger 
increases the opportunity for appropriate ac- 
tion decreases. Inabihty to cope with a threat- 
ening situation diminishes the probability of the 
initial alerting reaction continuing into effective 
behavior. Thus failure to cope increases the 
danger of intolerable fear which has the poten- 
tial of disorganizing and crippling the surviving 
population. When the traumatic situation is 
brief, effective behavior may be more wide- 
spread and return sooner among those affected. 
On the other hand, prolonged danger makes it 
increasingly difficult to maintain sustained ef- 
fectiveness. Therefore the incidence of fear re- 
action and emotional disorder is expected to be 
graver as the threat of danger persists. 

Individuals react also according to the acci- 
dents which determine their degrees of personal 
involvement in disaster incidents. A psychologic 
dimension of intensity of threat is therefore 
added on this basis. If the individual or a loved 
one was knocked down by a blast, buried in 
rubble, injured, burned or otherwise involved in 
a "near miss" or if a close associate were killed 
in such an incident, the intensity of the threat 
tends to increase. On the other hand, if the 
trauma has fortunately spared the individual 
and his close identification figures, its occurrence 
could be regarded as a "remote miss," which 
tends to inculcate confident, "it-can't-happen-to- 
me" attitudes, which facilitate adjustment to and 
reduce the intensity of the stress. Such attitudes 
are unrealistic, but real. The "near miss" reac- 
tion may often include sight of mangled or mu- 
tilated bodies or of nearby destruction, even if 
loved ones are not involved, but are intensified 
if they are. The more personal, the more person- 
ally experienced, the more intensive the "^ear 
miss" reaction. 
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Nuclear explosions, being more powerful and 
more destructive, may produce a higher pro- 
portion of "near miss" reactions in the popula- 
tion. On the other hand, their use may be 
controlled more rigidly because of the ultimate 
implications of the same extensive destruction. 

(3) Training requirements. The only feasible 
preventive measure against overwhelming psy- 
chologic stress in nuclear warfare, short of relia- 
ble anti-missile defenses, consists of prior train- 
ing of the military and civilian populations in 
preparation for such an eventuality. The reasons 
for this have been stated above, but should be 
explicit: a) Human reactions to new, intense, 
sudden dangers may be expected to be ineffec- 
tive in large numbers of the population. This not 
only reduces the chances of survival, but also 
increases the incidence of crippling fear reac- 
tions and psychologic breakdowns; b) Stress 
can best be reduced by reducing the terror of 
the sudden, unknown, new event by knowledge, 
discipline and a well organized communication 
system; this calls for training of such thorough- 
ness and completeness that virtually a "built-in" 
bebavitw pattern of reaction to warnings and 
actual disaster may be expected as a general 
rule. Only in this way can efifective adaptation 
to catastrophic trauma ' by appropriate action 
be promptly and successfully initiated. The 
alerting reaction of an informed, trained and 
disciplined people would be sharper and more 
accurate, and once effective functions are begun 
fear is less hkely to spread and interfere. 

Needed training should indude waining sys- 
tems, signals and channels to be used under 
varying alternative conditions immediately upon 
awareness of attack. It should also include de- 
fensive and evasive measures. While the gen- 
eral nature of such training resembles fire-drills, 
gas-mask-drills and abandon-ship maneuvers on 
ships, it involves more people and perhaps an 
even more drastic emergency. The pre-set pat- 
tern of action is absolutely necessary to prevent 
indecision, helplessness, etc. and consequent un- 
necessary additional loss of life and effective- 
ness. Knowledge of primary effects of nuclear 
weapons, the nature of nuclear fallout and prac- 
tical, primitive methods of personal protection 
and hygiene must be included. The objective of 
such training should be to help the individual 
face a predictable, albeit terrifying, problem 
with the mutual support of all others and with 
definite plans, instead of an unknown doom 
with no plans. 

(4) Warning. A versatile, simple and relia- 
ble warning system must be one of the founda- 
tions of plans for survival, on which the train- 
ing program is built. Although time is critical, 
even a brief warning may enable disciplined. 



pre-set patterns of reaction to get into motion. 
For untrained personnel a brief warning might 
be disastrous because of the unlikelihood of ap- 
propriate, effective reactions. Hence, the short- 
er the warning time expected, the more ade- 
quate and comprehensive the training must be. 
Important elements of the warning system 
should include simplicity and universality of 
signals, assurance of reaching all concerned, 
flexibility through alternative plans in the event 
of need, and reHability of information. 

(5) Organizational discipline, communica- 
tion and leadership. Training, operation of a 
warning system and maintenance of transporta- 
tion, conunimication, sanitary and safety facili- 
ties and activities, and all of the related de- 
fensive-protective activities, require organization 
and effective leadership and discipline. The 
need for extending discipline to individual mem- 
bers of the population is so great that it in effect 
implies mobilization of the entire nation for 
defense. 

The timely and effective exercise of leader- 
ship is another major influence upon behavior 
in emergency situations. It is significant that 
leadership is intimately associated with commu- 
nication. In fact, the leader must often function 
as an essential link or agent of the communica- 
tion system. He interprets transmitted informa- 
tion together with data gathered directly from 
the environment and indicates to others by 
word and action the proper response or behavior 
to be followed. Because most individuals under 
severe stress suffer a temporary impairment of 
ability to maintain communication with the sur- 
roundings or within their owii physical and 
mental organization, they seera to he out of con- 
tact with the environment or exhibit a high de- 
gree of indecision, docility, and snggestability. 
Under these conditions, there is a need and 
often a demand for information and guidance, 
and informal leaders frequently arise spontane- 
ously even if when not formally designated. In 
fact, such "emergent" leaders have been regu- 
larly observed in civil disasters as well as in 
combat. 

It is quite probable that the more capable ap- 
pointed leaders, as well as those effective per- 
sons who arise spontaneously in a response to 
the needs of the em^gency situation, have a 
superior functioning capacity of their own com- 
munication system, such as perception, evalua- 
tion, and decision for action. At least, they have 
the ability to utilize the reaction of alertness to 
initiate sustained appropriate activity and thus 
remain relatively free from the inhibitory effects 
of fear. 

Observation and experience indicate that the 
attitudes and characteristics of the group in- 
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volved in a traumatic situation can profoundly 
affect the individual behavior of its member's. In 
its simplest aspect, persons are better able to 
tolerate fear when exposed to danger along with 
others similarly concerned. In fact, individuals 
confronted with a common menace literally 
move toward each other for possible mutual pro- 
tection and emotional support. Tlii.s phenome- 
non has been regularly noted in combat and was 
also reported from England during World War 
II where community shelters were preferred 
over individual types of protection despite the 
added personal discomfort. 

From the standpoint of communication, mem- 
bers of the group serve each other as verbal and 
nonverbal sources of infonnation that mav ini- 
tiate and maintain constructive behavior or en- 
hance apprehension and cause noneflFective ac- 
tivity. With continued sharing of common hard- 
ship and danger by members of a group, there 
is commonly e^'okf^l a cohesiveness and unity 
of group members which in military experience 
has been demonstrated to be a powerful force 
for effective performance even under severe 
stress. What may begin merely as an instinctive 
huddling defensive process to ward off danger, 
wife continued participation becomes trans- 
formed into a strong emotional bond between 
group Tu embers that is similar to the relation- 
ships among a close-knit family. Such group 
identification establishes a mode of conduct that 
is not easily destroyed even under catastrophic 
conditions. In effect, positive group unity tends 
to compensate for such personality inadequacies 
as passivity, and a lack of consideration for the 
welfare of others. At the same time it impels 
activity in the belialf of comrades in whom there 
is a strong emotional investment. Favorable 
group identification is usually initiated and 
maintained by good leadership that includes 
effective technics of communication. 

The organization of a group in ad\'ance of any 
dis:ister is t;ssential so that general functions can 
be maintained and can continue to operate in 
the face of confusion, disorganization, and par- 
tial destruction. Witliin the framework of plan- 
ning for the defense of the civilian population 
there should be organized activities in each com- 
munity, by neighborhood, down to each person 
who has a specific role to play in some phase 
of an activity. 

Education and knowledge diminish the threat 
of unknown or fantastic dangers. That whicli is 
known can be planned for; if unknown, the 
threat is the more powerful in that there can be 
no effective planning for security or survival. 
Therefore, sound, basic, and factual knowledge 
of potential dangers should be made freely 
available. If the critical judgment of people can 



be increased, non-effective behavior can be pre- 
vented or minimized in the event of a nuclear 
attack. 

Infonnation should be made available on fear 
and how people react to fear. Since fear is a 
common normal reaction in the face of danger, 
verbal expression of fear is permissible and 
should be facilitated. In addition, information 
on the harmfulness of rumors should be widely 
disseminated. Rumors spread with incredible 
rapidity, can disrupt militaiy or civilian morale, 
and promote friction between groups and even 
nations. Rumors thrive because they provide 
answers (often harmful) to questions that need 
answering; they offer "pat" excuses for actions, 
they momentarily relieve emotions, and, per- 
haps most important of all, they make the teller 
feel important. But they are usually unrealistic 
and often potentially harmful. They can be 
stopped only by getting the facts, by finding out 
who started them, and by what authority, and 
by being skeptical, by ridiculing, and by being 
on the alert for rumors and labeling them as 
such. 

Knowledge regarding types of mental reac- 
tion under extreme stress and principles of treat- 
ment may well be helpful in planning for civilian 
groups inasmuch as the front line may be in the 
civilian community itself under conditions of 
aerial or atomic attack. Everyone should be well 
informed regarding physiological and psycholog- 
ical symptoms that may be manifested as the 
result of continued severe stress and/or fear. 

Morale is directly related to the quality of 
leadership. ^Vhen leadership is competent, mo- 
rale, efficiency, discipline, and productivity are 
high, and tendencies to panic and disorganiza- 
tion are lessened. 

In spite of difficulties, deficiencies, and ob- 
structions, individuals and groups succeed in 
goals and objectives if they have tlie will to do 
so. Although the ethical conscience of a people 
as related to courage, fortitude, endurance, loy- 
alty, trust, and honor is important, it is imprac- 
tical to base any policy on exaggerated notions 
of man's capacity to endure and to sacrifice on 
behalf of ideals alOne. Every attempt should be 
made, tliereforc, to satisfy at least the basic 
pliysical and emotional needs. 

Evacuation of individuals or sections of popu- 
lations after an enemy attack will entail psy- 
chological dangers. After disasters, evacuation 
should be de-empliasized and strictly controlled. 
Any but the most carefully regulated and dis- 
ciplined evacuation will tend to disrupt trans- 
portation, clog roads, dissolve group and familj' 
ties, and tear persons away from useful group 
role in disaster control and restoring the com- 
munity. In military evacuations, troops must be 
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earefuUy informed as to why they are being 
evacuated, and how and where the new line of 
resistance will be established. 

(@) Prevention, From the preceding con- 
sideration of various elements In the traumatic 
situation which influence behavior, it is evident 
that the principal measures to lessen psycholog- 
ical breakdown or other forms of noneffective 
activity under conditions of nuclear warfare lie 
within the realm of command and cannot be a 
primary medical function. The problem is exact- 
ly the same as in other programs of preventive 
medicine in the military service which require 
implementation that can only be initiated and 
maintained by command. The role of the medi- 
cal officer is principally as a technical advisor 
to the commander in matters of physical and 
mental health. As part of this staff duty the 
medical officer should be thoroughly famihar 
with the determinants of behavior under adverse 
circumstances in order to assist the commander 
in conserving the effective strength and to point 
out areas and approaches for remedial action. 

(7) Treatment". Before disculang^ frea?fineiit 
procedures for psychological casualties in atomic 
warfare, it is well to reiterate that these disor- 
ders are acute fluid adaptive reactions to trau- 
matic situations which are self-limited and can 
be expected to begin improvement with the 
cessation from danger. In other words, these 
conditions are primarily the result of an external 
environmental stress and not to internal psychic 
conflicts such as are stated to account for the 
chronic neuroses. The persistence of such tran- 
sient conditions, after a reasonable period of 
time following removal of the causative situa- 
tional trauftia, must be presumed to have some 
purposeful connection with the reality of the 
current environment. In the past these environ- 
mental influences have been often foimd in the 
permissive and indulgent atmosphere of the 
very treatment regimen that was designed for 
their recovery. 

The methods of treatment that are herein pro- 
posed for the psychological abnormalities of 
atomic stress are derived from the accumulated 
experiences with similar combat induced emo- 
tional disorders. Through trial and error efforts 
during World War I, World War II, and the 
Korean Campaign there has evolved successful 
and practical therapy technics which are based 
upon the following operational principles, 

(A) Decenthalization. This aspect of ther- 
apy stresses the irnportance of the level or loca- 
tion where the treatment effort should be per- 
formed. It insists that treatment facilities be 
brought to the psychiatric casualty in the field 

"Quoted from Glass with minor editorial change. 



instead of evacuation to a hospital facility. By a 
decentralized program, therapy would be made 
available as soon as possible and as near as prac- 
ticable to the scene of the atomic attack. From 
previous military experience, benefits that can 
be expected from a policy of decentralization 
include the following; 

(a) Early treatment given during the fluid 
stage when patients are more readily influenced 
by suggestion and other concrete measures to 
recover self control, would prevent the passage 
of time and continued helplessness from empha- 
sizing a failure of adaptation which produces 
chronic sequelae of undue apprehension, 

(b) Psychiatric problems are prevented 
from overloading evacuation and hospital facili- 
ties which will be fully occupied in treatment 
of patients with physical injuries. 

(c) Treatment at this level can promptly 
restore vitally needed trained manpower wbo 
are urgently required for defensive and rescue 
tasks. 

(B) Expectancy. This principle of therapy 
refers to the importance of verbal and nonverbal 
communication io patients by the treatment per- 
sonnel. It is based upon the previously stated 
marked suggestibility and need for guidance 
exhibited by most individuals who have been 
overwhelmed by external terror, and either are 
unable to perceive correctly the outside world 
or cannot adequately utilize the information re- 
ceived for appropriate decisions. Military expe- 
rience has demonstrated that situational] y in- 
duced acute psychological disorders worsen or 
improve, depending upon what is expected of 
the patients by persons responsible for their 
treatment and disposition. 

A treatment environment that communicates 
tension, helplessness, and disability continues 
symptomatology and noneffective behavior. Con- 
versely, a calm acceptance of the patient and 
his manifestations as constituting a temporary 
incapacity from which rapid recovery is expect- 
ed after a brief rest can produce improvement 
within hours, particularly when supervised or 
directed activity is promptly instituted to aid 
further confirmation to expectancy for recovery. 
Nonverbal attitudes and actions are far more 
effective than words in breaking throu^ the 
communication barrier of patients. Indeed, lack 
of eonvictfon that such psychological disorders 
are self-limited and will improve, is soon com- 
municated to the patient by the many nonverbal 
cues that indicate uncertainty or anxiety re- 
garding the outcome, notwithstanding repeated 
verbalization of expectancy for recovery. 

Expectancy for recovery is also transmitted 
by the terms or labels used to designate tlwse 
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disorders. In the past, there has been an unfor- 
tunate spontaneous tendency to utilize descrip- 
tive and emotionally charged tenninology such 
as shell shock, psychoneurosis, concussion, blast 
injury, and the like; all of which communicate 
to the patient that he has suffered a severe mea- 
tal or physical damage from virhich recovery is 
uncertain and disabling residual defects com- 
mon, Already the terms, radiation sickness, and 
fallout, are well known and could easily come 
into widespread use as catch-all tenninology for 
manifestations which do not fit a known physical 
disease category. It is therefore imperative 
that terms such as combat fatigue be continued 
in nuclear warfare, sirice if fosters expectancy for 
a readily recoverable and transient benign dis- 
turbance due to logical situational conditions 
which Imm no particular defect. 

(C) Simplified methods. The requirements 
imposed by decentralization and expecta^xaj 
render unrealistic any prolonged or involved- 
treatment program. Such methods either could 
not be adequately performed at a decentralized 
level, or, if attempted, would nullify the princi- 
ple of expectancy by its implication of an iUness 
serious enough to warrant such a major effort. 
Prior experience with complex treatment meth- 
ods which rely on drugs, prolonged bed care, 
siibshock insulin, and frequent psychiatric inter- 
views have demonstrated that only mediocre 
results were obtained despite the large outlay of 
personnel, time, and facilities. On the other 
hand, a brief rest of one or several hours, along 
with measures to relieve hunger, pain, or minor 
injury, when performed at a decentralized level 
in an atmosphere of expectancy for recoveri/, 
provides the most favorable conditions for the 
restoration of impaired communication faculties 
and thus a resurgence to functional capacity. 
Drugs should be used sparingly and preferably 
in small doses. Relaxation can probably be as 
well obtained, in most cases, with warm drinks 
of cocoa, soup, and tihe Hke, 

If time permits, there should be included in 
this simplified program a brief interview in 
which a patient is encouraged to give his ac- 
count of the traumatic event, not particularly 
for information purposes, but to facilitate the 
ventilation of emotionally charged feelings and 
attitudes which are responsible for continuing a 
pattern of withdrawal from painful reality. The 
ventilation of these emotional accompaniments 
of the traumatic experience often aids in re- 
establishing communication with the patient, 
who can then receive information, be motivated 
to consider the welfare of others, and participate 
in rescue and defensive efforts. 

The last step of this treatment method is di- 
rected or supervised work. With resumption of 



purposeful activity, communication abiUty be- 
comes further improved along with a reoirenta- 
tion to group and social obligations. 

This discussion of treatment methods pose^ a 
pertinent question, namely: Who shall he re- 
sponsible for the management of psychological 
disorders due to atomic trauma? It is unlikely 
that a sufficient number of psychiatrist will be 
available or that the operation of the simjDlified 
treatment program outlined above will require 
the services of such specialists. From the tradi- 
tional mihtary standpoint, the control of nonef- 
fective behavior under battle conditions is nec- 
es.sarily the responsibility of all persons charged 
with the function of leadership and medical care. 
As in conventional combat, the milder instances 
of "freezing," indecision, helpless attitudes, or 
inappropriate activity can be best handled by 
comrades, medical aidmen, and noncommis- 
sioned and commissioned officers who are al- 
ready on the scene and therefore optimally lo- 
cated in time and space to favorably influence 
or direct temporarily disorganized persons by 
word and action to assume a more effective role. 

Indeed, measures taken at the time will pre- 
vent the development of more severe emotional 
disruption. The remainder and more persistent 
psychological abnormalities should be treated at 
the nearest functioning medical facility which in 
a tactical situation would most likely be the 
battalion or regimental aid station. If the nuclear 
explosion were in a support or rear zone, it is 
probable that a hospital facihty in the area 
would provide the most immediate organized 
medical care. In cither event, the prompt treat- 
ment and restoration to duty of psychiatric cas- 
ualties should become the recognized task of the 
first medical organization that receives early 
cases of this category. 

In nuclear warfare, the unit surgeon must as- 
sume more and more the role of a frontline psy- 
chiatrist in order to conserve the effective 
strength of his unit at a time when every man is 
vitally needed. Medical evacuation under such 
conditions will be a difficult procedure at best 
and initially at least should be reserved for 
physical injuries. The Korean Campaign demon- 
strated that the unit surgeon could and did func- 
tion effectively in a psychiatric capacity, for he 
was in a superior position to utilize the princi- 
ples of decentralization and expectancy and was 
quite capable of performing the brief treatment 
technics that were required. 

For the hospital that may become a fronthne 
medical unit due to a nuclear attack in the vi- 
cinity, it is recommended that a psychiatric and 
welfare section be established that would oper- 
ate with a minimum of supplies and persoamel 
and be located adjacent to the facilities for the 
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physically injured. Such a function could be per- 
formed by Medical Service Corps officers 
trained in psycholog)' or social work, Red Cross 
personnel, cliaplains, and se\eral enlisted tech- 
nicians, along with a nurse to care for minor 
injiuies. The assigned psychiatrists should only 
serve as consulbints to this section, for as medi- 
cal officers their services can be better employed 
in some phase of the care of tlie physically in- 
jured. Psychiatric cases recovered for dut\' at 
the hospital level can be retiuned either to their 
organization, if this is feasible, or temporarily 
utilized to assist the hard-pressed hospital per- 
sonnel. 

Summary 

Based up(m past military and civilian experi- 
ences of behavior under catastrophic trauma, 
the following assumptions and recommendations 
are made regarding psychologic problems in 
nuclear warfare. 

1. The commota psydiologic abnormalities to 



be expected in nuclear warfare are states of 
temporary mental disruptioa and their sequelae 
of increased apprehensiveness. 

2. Major determinants of behavior imder 
conditions of nuclear attack include the intens- 
ity and duration of the traumatic agent, training 
and preparation, efBciency of (SHnmunication, 
leadership, and group unity. 

3. Prevention of psychologic disorders in nu- 
clear warfare is primarily a responsibility of ccMn- 
mand, with the medical oflBcer serving in an 
advisory staff function. 

4. EfiFective treatment of iKychiatric casual- 
ties under conditions of nuclear attack should 
be based upon principles that inclisde a decen- 
tralized or peripheral level of operation, expect- 
ancy for recovery', and brief simplified methods. 

5. Treatinent should be performed at the 
first faciUty to receive psychiatric cases in order 
that rapid restoration to duty be accomplished. 
Unit smrgeons must necessarily function as front- 
line psydiiatrists. 
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4erofnerffcof Evacuation 



Operational Concepts 



Department of Defense policy requires the 
use of air transportation for the evacuation of 
the sick and wounded, unless medically contra- 
indieatecl, and whenever appropriate aircraft 
can be made available. The Department of the 
Air Force implements this policy by establish- 
ing and operating aeromedical evacuation sys- 
tems for peacetime and limited war require- 
ments. By integrating Air Force Reserve and 
Air National Guard units the systems can be 
quickly expanded to meet full wartime require- 
ments. 

At the present time the Air Force operates 
aeromedical evacuation systems to meet the fol- 
lowing requirements: (1) Between medical 
facilities within the Continental United States 
(ConUS), (2) within overseas areas where U.S. 
Armed Forces are stationed, and (3) from over- 
seas areas to the ConUS. All U.S. Forces, wher- 
ever located, are thus provided with aeromedi- 
cal evacuation support. 

Seven aeromedical evacuation systems are in 
operation at this time and are identified accord- 
ing to geographical/operational factors as do- 
mestic, strategic, and tactical. A domestic sys- 
tem operates within the ConUS; four strategic 
systems operate between overseas areas and the 
ConUS; two tactical systems operate within 
overseas areas. Another tactical system is capa- 
ble of being put into operation by units of the 
Tactical Air Command. Sometimes the term 
intra-theater aeromedical evacuation system is 
used; it refers to the theater tactical systems. 
The term infef-theater refers to the evacuation 
of patients between overseais areas, and is an 
operational aspect of strategic or tactical sys- 
tems. 



The strategic systems are the least complex. 
The flow of patients is in one direction feom 
a limited number of overseas aerial ports to 
one of several in the United States. By con- 
trast, the domestic and tactical systems oper- 
ate into large numbers of airfields, perform 
many special missions, and provide a 24-hour 
on-call emergency service. All systems perform 
essentially the same functions and require the 
coordinated effort of similar activities. 

Several kinds of air transport and medical 
service activities combine or coordinate their 
efforts to make an aeromedical evacuation sys- 
tem operationally effective. A listing would in- 
clude at least the following: Air transport activi- 
ties such as transport and troop carrier units, 
transport movement control centers, and air and 
ground communications; air terminal and aerial 
port activities such as air evacuation centers, 
flight line services, food service, and ground 
transportation; medical activities .such as casual- 
ty staging, medical regulating agencies, originat- 
ing, en route and destination hospitals, and 
aeromedical evacuation units. The actions of 
all these elements must be closely coordinated. 
Poor coordination will result in loss of airlift and 
a breakdown in the orderly flow and timely 
evacuation of patients to medical treatment 
facilities. 

CONTINENTAL US OPERATIONS— 
THE DOMESTIC SYSTEM 

The mission in the ConUS is to operate a do- 
mestic aeromedical evacuation system for the 
transfer of patients from aerial ports of debarka- 
tion to destination hospitals, and between med- 
ical facilities within the United States. The 



AF MAKUAL 161-1 



44-1 



operation of this system presently involves three 
aeromedical transport squadrons, four detach- 
ments casualty staging these activities, three 
aerial ports, seven aeromedical evacuation con- 
trol centers, about 300 airfields, and approxi- 
mately 200 military and 185 Veterans Adminis- 
tration and Public Health Service hospitals. 

The peaeetime mission is accomplished with 
pressurized aircraft which are used exclusively 
for transporting patients, The domestic system 
operates (1) a scheduled coast-to-coast trunk- 
Une service to keep aerial ports cleared, to pro- 
vide a connection with feeder flights at termi- 
nals along the rovite, and to transfer patients 
between terminals on the trunkline; (2) feeder 
flights to transfer patients between tnmklne 
terminals and hospitals not on the trunkline; 
and (3) semi-scheduled and special flights to 
transfer patients between medical facilities that 
are not serviced by the trunkline, This MATS 
system provides a network of daily flights, 
which could be quickly augmented with Air 
National Guard and Air Force Reserve units 
for wartime operations, 

OVERSEAS TO CONU5 OPERATIONS— 
THE STRATEGIC SYSTEMS 

The mission of a strategic system is to provide 
aeromedical evacuation from overseas areas to 
ConUS, Four strategic systems may be identi- 
fied, with the following geographical areas of re- 
sponsibility: (1) From the Far East-Pacific area, 
(2) from Alaska, (3) from the Caribbean-Latin 
American area, and (4) from the European- 
Northeast Atlantic area. These systems are an 
integral part of the ^^ATS global air transport 
system which provides logistical air support for 
all U.S. Forces outside the ConUS. 

The delivery of cargo, personnel and mail to 
these overseas locations creates a large return 
airlift capabihty, part of which is utihzed for 
the evacuation of patients. The utilization of re- 
turn airlift as the sole resource for aeromedical 
evacuation from overseas areas is one of the 
operational distinctions of strategic systems 
which would also be employed by the other sys- 
tems in the time of war. 

Efficient operation of strategic systems re- 
quires (1) four-engined, pressurized transport 
aircraft equipped with removable airline seats 
and litter support devices for quick conversion 
from passenger/cargo to aeromedical configura- 
tion, (2) casualty staging facilities at aerial ports 
of embarkatioQ and debarkation, (3) sufficient 
numbers of medical flight cirews and equipment 
located at aerial ports and intermediate termi- 
nals, and (4) appropriately located aeromedical 
evacuation control and liaison centers sta£Fed 



by medical service personnel who are familiar 
with aeromedical evacuation procedures and air 
transport operations. 

Relatively modern fleets of pressurized, dual- 
purpose aircraft are used for peacetime strategic 
operations, consisting at this time of C-118, and 
C-121 aircraft In addition, a large fleet of 
C-124 troop-carrier aircraft is available. For 
critical wartime situations the C-130 turboprop 
cargo transports would also be available. Jet 
transports should also become available within 
a few years. 

The average peacetime load for heavy cargo/ 
passenger transport aircraft is sixty patients. The 
normal medical crew is two flight nurses and 
three aeromedical evacuation specialists. In war- 
time, the number of patients carried would be 
greater, probably approximating the maximum 
capacities of the various aircraft. Aeromedical 
crevFs would normally be augmented, but might 
be reduced in size during the initial period of a 
national emergency. 

INTRA-THEATER OPERATIONS — 
TACTICAL SYSTEMS 

The mission of a tactical system is to provide 
aeromedical evacuation for all United Sfetes 
Forces within a theater of operations or over- 
seas area. The USAF presently operates two 
tactical systems. One encompasses the Euro- 
pean-Mediterranean-Near East area, and the 
other encompasses the Far East-Paeifie-SE Asia 
area. For the peacetime mission these systems 
operate in a similar manner and provide services 
comparable to tlie domestic system. Under war- 
time conditions support of combat operations 
would become tbe primary task, requiring util- 
ization of troop-carrier and assault aircraft, and 
would involve a change in operational proce- 
dures from the single mission to the dual mission 
or "return airlift" concept. 

The Air Force recognizes that the peacetime 
mission of tactical systems includes the evacua- 
tion of women and children, and involves med- 
ical and surgical conditiQns which would not 
normally be encountered in wartime. Pressur- 
ized aircraft with comfortable accommodations 
are used whenever possible, and both out- 
and in-bound flights are normally flown for the 
aeromedical mission, using the out-bound flight 
to retmn recovered patients to their home 
stations. 

Tactical aeromedical evacuation, being a col- 
lateral function of logistical air support opera- 
tions, has the entire theater airlift resources at 
its disposal. This airlift, consisting primarily of 
cargo/troop carrier aircraft, will form the back- 
bone of wartime evacuation resources. It is 
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therefore important that troop carrier and aero- 
medical evacuation eliBments train and exercise 
in dual-mission operations through periodic com- 
mand exercises and operational readiness tests, 
and also participate in joint field exercises when- 
ever possible. 

Tactical systems are organized, stafiFed, 
equipped and oriented to the primary mission — 
combat support. The realities of peacetime de- 
ployment of forces are recognized, however, and 
every effort is made to maintain tactical systems 
which provide a service appropriate to peace- 
time conditions while maintaining responsive- 
ness to the wartime mission. 

All of the normal requirements for casualty 
staging, coordination, control and liaison, aero- 
medical flight crews, special equipment, and 
standard operating procedures also apply to 
tactical operations. Additional requirements in- 
clude the ability to, (1) support air landed air- 
borne operations, (2} rapidly convert to litter 
configuration and load all types of assault, cargo, 
and troop carrier aircraft, and ( 3 ) integrate with 
the wartime logistical air support system with- 
out any significant changes in command, or- 
ganization, deployment or operating procedures. 

AEROMEDICAL EVACUATION COORDINATION, 
CONTROL, AND COMMUNICATIONS 

The advantages of aeromedical evacuation, 
as compared With other modes of transportation, 
may be measured in terms of lives, time, and 
resources saved, A constant effort is made, there- 
fore, to reduce the time between the entry of 
patients into the evacuation system and their 
delivery at destination hospitals. Two related 
actions, efficient aircraft utilization, and short 
turn-around or ground time, contribute directly 
to this objective. The degree of Success in 
achieving these objectives is largely dependent 
upon the effectiveness of coordination and con- 
trol. 

Coordination, which is effected by all ele- 
ents of the system and by activities using the 
sy.stem, keeps all appropriate agencies and ac- 
tivities informed of evacuation requirements, 
estirnated aircraft arrival times, changes in re- 
quirements and ETAs, and any other details 
which should be known to other activities. 

Air transport control and patient traffic control 
are performed by elements of the evacuation 
system that are located at aerial ports and air 
terminals, Aeromedical transport control assures 
that the scheduling and routing of aircraft will 
satisfy the evacuation requirements within the 
area of operations. Patient traffic control as- 
sures that the number of patients by type, de- 
livered to specific airfields within the area of 



responsibility, does not exceed the space avail- 
able al the specific points of pickup. These con- 
trol functions are performed by aeromedical 
evacuation detachments at key terminals and 
aerial ports that do not have an aeromedical 
evacuation or casualty staging unit in operation. 

Effective coordination and control requires 
the use of all availal:)le means of communica- 
tions. All aeromedical evacuation elements must 
have authority to use whichever means are ap- 
propriate to the situation. The more widespread 
the area of responsibility, the greater are the 
problems of communication and the greater the 
importance of timely communications. 

The medical and logistical advantages of 
aeromedical evacuation are quickly lost without 
effective day-to-day coordination and control — 
as was exhibited in certain instances during 
World War II and the Korean War. 

CASUALTY STAGING 

Present operations are based on the concept 
that aeromedical evacuation is a collateral func- 
tion of air transport operations, and that the 
coordination and control procedures for the am- 
ployment of airlift are essentially the same for 
both. The most effective coordination and con- 
trol is achieved when casualty staging activities 
are employed at key points in the system. 

Casualty staging, as the counterpart of aerial 
port squadrons which control and supervise the 
delivery and loading of troops and cargo, pro- 
vides similar services for patients at aerial ports 
and terminals. Casualty staging increases air- 
craft utilization and decreases aircraft turn- 
around time. The in-transit time of patients is 
shortened, airlift is not lost, nor are aircraft de- 
partmres delayed because of late arrival of pa- 
tients. Furthermore, patients are not held in 
ambulances on the flight line because of late 
arrival of aircraft, and advantage can also be 
taken of opjjortune airhft. In effect, all of the 
details of coordination, communication, patient 
handling and care at the airfield, are simplified 
and more efficiently managed in the time avail- 
able through the use of casualty staging. 

A listing of casualty staging functions includes 
coordinating aeromedical evacuation matters 
within the area of responsibility, and regulating 
the flow of patients. Providing or arranging for 
shelter, temporary medical care, feeding, med- 
ical screening, administrative processing, ground 
transportation and loading of patients, and 
otherwise providing for the welfare and expedit- 
ing the transfer of patients entering, en route, 
or leaving the aeromedical evacuation system, 
are among the required additional duties. 
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AIRCRAFT 

The caliins of cargo, 'passenger aircraft must 
incorporate certain design features and eqiiip- 
ment to make them suitable for the evacuation 
of patients. These design features are presently 
included in varying degrees of refinement for 
patient comfort in all transports except the 
C-13;3, which is designed as a carrier of cargo 
only. 

Minimum medical requirements are provided 
for if the design includes the following: 

1. Adjustable litter support devicra. Wall 
brackets or removable stanchions are provided 
for supporting one side of the litter with suspen- 
sion straps supporting the opposite side. 

2. Removable, snap-in airline-type seats — 
fffeferably facing to fte rear. 

3. Insulated cabins to provide prot«:tion 
from noise and extreme temperatures. 

4. Adequate cabin lights and electrical out- 
lets for care of patients and operation of spedal 
medical equipment. 

5. Adequate water supplies, and washing and 
latrine facilities. 

6. Noncorrugated, nonskid floor surfacing. 

7. Adequate air conditioning and heating sys- 
tems. 

8. Provision for installation of standard, re- 
movable food service unit 



9. Provision for refilling portable and thera- 
peutic oxygen bottles from the aircraft oxygen 

systems. 

10. Low-level patient loading doors, prefer- 
ably located at the rear of the aircraft to pre- 
vent interference with aircraft servicing activi- 
ties. 

The multimission use of most transport aircraft 
(i.e. out-bound transportation of cargo or troo]^; 
in-boond transportation of patients), wiU nor- 
mally require the removal of some equipment 
and the installation of other equipment to con- 
vert the aircraft from one mission to another. 
It is very important, therefore, that aeromedical 
equipment is designed to permit quick conver- 
sion with minimal adverse effect on the ability 
of the aircraft to perform the primary mission. 

The design of troop-carrier aircraft should in- 
corporate as many of the features here. enumer- 
ated as are suitable to the design and ^^nned 
use of each type. Since troop-carrier adronaft are 
designed for certain special operations which in- 
clude • air delivery of heavy cargo, the interior 
arrangements are not well suited for passengers 
or patients; therefore, troop-carrier aircraft are 
usually modified for patient evacuation in 
peacetime. 

The various transport and troop-carrier air- 
craft presently in the inv^itory which may be 
utilized for aeromedical evacuation are de- 
scribed in Chapter 46. 
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Experience has shown that almost every pa- 
tient who can be evacuated by any available 
means can be evacuated by air. That is, if the 
opportunity for doing so exists, if the aircraft is 
suitably equipped with facilities, and if the 
medical personnel aboard have a knowledge of 
the physiological changes of patients in flight. 
These changes are simple to understand. In 
cases where flight factors may involve either 
hardship or definite risk, physiological change 
will be minimum during flight, if pressurized 
cabin aircraft can he secured. 

The principal environmental changes in flight 
which may produce dangerous physiopatholog- 
ical states in the patient are: 

1. The decrease in the partial pressure of 
oxygen. 

2. The expansion of air or gas trapped in any 
body cavity. 

Regarding the first consideration, certain 
types of patients will require additional oxygen 
even at altitudes under 10,000 feet, due to hy- 
poxia caused by disease or injury (i.e., thoracic 
injmy). Pulmonary edema or pneumonia may 
impede passage of oxygen to the blood. In 
anemias and malaria, transportation of oxygen 
may be inadequate. The entire column of blood 
may move too slowly to carry oxygen in sufficient 
quantity to the tissues, as ill circulatory col- 
lapse caused by shock ot cardiac failure. 
Finally, the tissues themselves may be so dam- 
aged that they are unable to use the oxy.t^on, as 
in certain types of poisoning and in alcoholism. 
Any of these factors, added to the decrease in 
oxygen pressure on ascent, makes it necessary 
to supply supplementary oxygen from the time 
of takeofiE. 



Regarding the second consideration of physio- 
logical changes in flight, air or any gas trapped 
in the body cavities expands in direct propor- 
tion to the decrease in pressure. This increased 
volume beeomes significant at 18,000 feet where 
the volume of air or gas in the body is doubled. 
Quite apart from intense discomfort and actual 
pain caused in certain types of injury, this ex- 
pansion of gas at high altitude may constitute a 
real danger, as in the probability of rupturing a 
recently sutured intestine, and by the disturb- 
ance of cardio-puknonary dynamics in cases of 
pneumothorax. 

Air Force Regulation 160-52 presents very 
broad guidance with respect to the selection and 
screening of patients for aeromedical evacuation. 
This regulation also indicates the broad cate- 
gories of cases which will require special consid- 
eration during evacuation. The specific nature 
of some of these considerations is presented in 
the following paragraphs. 

EfFects of Decreased Pressure 

GAS'rROINTESTINAL TRACT DISTURBANCES. There 

are four principal factors associated with the 
production of abdominal symptoms on ascent 
to altitude. These are the quantity of gas in the 
bowel; the altitude attained which determines 
the amount of gas expansion; the ability of the 
bowel to eliminate the expanding gas; and the 
sensitivity of the bowel to pain. 

In regard to quantity, most of the gas found 
in the gastrointestinal tract is believed to be 
swallowed air which is ingested with, or inde- 
pendently of, foods and fluids. Other sources of 
gas are me action of b^eterki on food residues, 
and gas diffusion from the blood stream. Pa- 
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tients who show apprehension and anxiety can 
quickly fill the stomach and colon with gas and 
experience a bloated feeHng even at sea level. 
The chewing of gum before ascent to altitude 
should be restricted because even though chew- 
ing gum helps to attain an equalization of gas 
pressures on the ear drum, large quantities of air 
may be swallowed with the saliva. An increased 
amount of gas in the bowel may also be asso- 
ciated with tho ingestion of high carbohydrate 
diets, melons, and carbonated water. 

It is quite possible that the site of a gas pocket 
in the gastrointestinal tract may be an impor- 
tant consideration in determining the degree of 
abdoniiaal paita associated with ascent to alti- 
tude since expansion of gas in the ileum has 
been shown to be attended by severe symptoms. 
It is also well known that distention of the duo- 
denum results in a marked tendency to nausea 
and vomiting, which may be accompanied by 
vasomotor phenomena such as feelings of chill 
and cold sweat. 

Without further amphfication of the many 
factors involved, it is of interest to present an 
account of several types of individuals with 
gastrointestinal pathology who have experienced 
various degrees of abdominal symptoms at alti- 
tude. One patient, age 23, with congenital 
megacolon (Hirschsprung's disease) first noted 
symptoms of distention at 10,000 feet during a 
flight. When the aircraft was forced to ascend 
to 14,000 feet to clear the mountains, he experi- 
enced considerable abdominal distention, dysp- 
nea, and precordial pain. These symptoms dis- 
appeared on descent and reappeared when the 
plane was again forced to reach 14,000 feet. This 
time, however, he was relieved of most symp- 
toms because he was able to pass a good deal 
of gas. 

Taylor and Robinson investigated a subject 
who was found to have functional spasm of the 
cardiac sphincter of the stomach. On repeated 
ascents to high altitude the distention experi- 
enced by this patient was so severe that respira- 
tory vital capacity was reduced 62 per cent. 
After insertion of a stomach tube, with expul- 
sion of gas, all symptoms were relieved. Heath 
also reported a subject who had recurrence of 
abdominal pain on repeated ascents in a low 
perssure chamber. Examination revealed a 
diaphragmatic hernia to be present. Perhaps 
the pain was due to expansion of gas in the 
stomach, which caused this organ to begin to 
herniate into the diaphragmatic defect. 

Colostomy patients evacuated by air should 
be given an extra supply of clean bandages since 
there is a greater discharge of colon contents at 
altitude as compared to the rate at ground level. 
This is probably due to the stimulation of pro- 
pulsive colon motility by expansion of gas in a 



sensitive bowel and, of course, the absence of 
functional sphincters which normally act to re- 
tain colon content. 

In theory, the expansion of gas at even a 
moderate altitude may be sufficient to cause 
rupture of a diseased viseus, especially in such 
cases as ulceration and weakening of the walls, 
as in peptic, typhoid, amebic, and tuberculous 
ulcers located in various portions of the gastro- 
intestinal tract. Some of these ulcerations are 
deep enough to leave the waUs extremely thin, 
and therefore subject to spontaneous perforation 
at ground level. Conceivably, gas expansion at 
altitude could, in borderline cases, exert enough 
pressure to break a tbin wall. The ensuing dan- 
gers from chemical shock and peritonitis are 
obvious. 

Patients with such conditions as strangulated 
hernia, meteorism of any type, intestinal ob- 
struction, acute appendicitis or diverticulitis, 
are theoretically susceptible to complications if 
moderately high altitude must be used in air 
evacuation. This reasoning may also apply to 
patients who have undergone recent gastroin- 
testinal strrgery in which the stomach or colon 
have been sutured. There will probably be no 
difficulties due to stress on a sutured stomach or 
intestines, but one should certainly consider the 
particular post-operative course of each patient 
and foresee the possible adverse effects of pres- 
sure changes on the suture line. Although the 
number of cases were smaU, one study tends to 
indicate that disease of the digestive system in 
certain groups of patients may result in a fairly 
high incidence of minor complaints when these 
patients are evacuated by air. 

From the preceding discussions it is possible 
to make several generalizations which may be 
important in considering these patients for 
evacuation by air. 

a. Since the quantity of gas and the type of 
food ingested prior to flight may determine the 
difference between good and poor altitude tol- 
erance insofar as gastrointestinal symptoms are 
concerned, it would seem reasonable to state 
that if, in the patient's experience, certain foods 
cause such symptomatic discomfort as disten- 
tion, then he should avoid these foods at ground 
level for at least twelve to twenty-four hours 
before a flight. Usually a condition such as 
diarrhea, constipation, or other temporary gas- 
trointestinal conditions, will Be aggravated and 
not relieved by ascent to altitude. 

b. When it is necessary to evacuate patients 
with gastrointestinal tract pathology, rectal tubes 
and stomach tubes should be available. It has 
also been recommended that when patients have 
penetrating wounds or perforated ulcers of the 
stomach or intestine, use of the proper suction, 
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as by the Wangensteen metbod, should be made 
to maintain intestinal tract deoompression dur- 
ing flight. Occasionally such simple measures as 
loosening tight belts, massage of the abdomen 
at altitude, and preflight lavatory hygiene are 
sufficient to prevent or relieve diiRculties. 

In this connection very few if any symptoms 
have ever been reported as being of urinary 
bladder origin. It would seem that normally the 
bladder walls are adapted closely to the nrine 
content and hence there is very little or no free 
gas available for expansion at altitude. However, 
as a matter of speculation, a given patient with 
loss of bladder tonus, urinary retention, etc., 
could have difficulty if an increase in abdominal 
pressure were caused by expansion of gases 
in the gastrointestinal tract and this pressure 
were transmitted to the bladder. Obviously, re- 
cent bladder operations, fistulous connections, 
temporary cystotomy with in-dwelling catheter 
could introduce sufficient air for expansion at 
altitude. If no arrangements for free release of 
the air were made, difficulties probably would 
arise. 

Pathological conditions of tiie ciikst. There 
are a number of pathological conditions of the 
chest which may be responsible for an indi- 
vidual's poor tolefance to evacuation by air. 

Pneumothorax — Although there are several 
types and classifications of pneumothorax in- 
juries, all of them will have one thing in com- 
mon. On ascent to altitude the air which is 
trapped in the pleiual cavity will expand and 
cause collapse of the lung on the aflrected side 
and perhaps cause mediastinal shift. Analyses 
and understanding of several situations are im- 
portant because this will provide a basis for ex- 
plaining the effect of altitude on air in the 
pleural cavity. 

A perforating injury of the chest wall allows 
air to enter the pleural cavity. This is an exter- 
nal pneumothorax, and if the defect is allowed 
to remain open, tbe air in the pleural space will 
be at atmospheric pressure (760 mm Hg at sea 
level). The presence of air at this pressure in 
the pleural space will prevent the lung from ex- 
panding during inspiration, because there will 
be little or no difference between the air pres- 
sure on the outside of the body and the air pres- 
sure in the pleural cavity. Obviously, large open- 
ings may be more dangerous than small open- 
ings. Further, if the wound acts like a valve, 
allowing air to enter (he pleural cavity but not 
leave it, then the air pressure in the cavity may 
rise above atmospheric and a "tension pneumo- 
thorax" results. 

In some instances the lung itself may become 
diseased, so that there is erosion of a pulmonary 
bronchus. Under these conditions the bronchus 



is in direct communication with the pleural 
space and air can enter the chest from the bron- 
chus. This is an internal pneumothorax but its 
effect insofar as air is concerned is no different 
from that of the external type. In both conditions 
air at 760 mm of Hg pressrure has entered the 
pleural cavity, limiting the expansion of the 
lung and obviously embarrassing respiration. 

The important thing to remember is that on 
ascent to altitude, gas in the pleiu-al cavity will 
expand, and the expansion will be somewhat 
greater than that demanded by Boyle's law for 
dry gases. The problem is much the same as 
that considered in the discussion of the gastro- 
intestinal tract. In any event when this trapped 
gas in the pleural cavity expands at altitude, it 
will cause further compression of the limg on 
the affected side and may cause mediastinal shift 
or mediastinal flutter with each respiratory cy- 
cle. Because of this shift, function of the oppo- 
site lung may become impaired, and sudden 
death may result from impaired cardiac and 
pulmonary function. 

There is the case of a 21 -year-old passenger 
on an airliner who failed to give the history that 
he was under treatment by artificial pneumo- 
thorax for his pulmonary tuberculosis. The air- 
craft ascended to an altitude of 16,000 feet; but 
even though this patient, as well as the other 
passengers, were using oxygen, the patient be- 
came cyanotic and unconscious. In spite of the 
fact that treatment was instituted, the patient 
died 28 hours later. From the autopsy it was 
believed that the air in the pleural cavity had 
expanded at altitude, caused mediastinal shift 
which impaired air exchange, cardiac function, 
and hence cerebral circulation so badly that a 
prolonged cerebral hypoxia resulted. It was also 
considered possible that an actual air embolism 
of cerebral vessels occurred and produced the 
focal symptoms of convulsions and twitchings on 
the left side of the body. 

One possible physiological mechanism by 
which air eould get into the blood vessels (aero- 
embolism) would be that the air trapped in the 
pleural space expanded and compressed the af- 
fected lung's alveoli and perhaps tuberculous 
cavities so forcefully that air was forced from 
these spaces into the venous capillary blood ves- 
sels. That this may have happened is indicated 
by the fact that the "right pleura appeared like 
a large bubble," meaning that air from the al- 
veoli or a tuberculous cavity was forced under 
the visceral pleura as well as into the venous 
capillaries. Several studies have shown that a 
differential pressure of 80 or 100 mm of Hg 
is needed to f ofcie air as bubbles from the alveoli 
into the blood stream. 
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Such a patient would have been barred foom 
air travel by airline authorities if his condition 
had been known. In the mihtary, transporta- 
tion by air would also have been contraindi- 
cated or, if absokitely necessary, a very low alti- 
tude would have been used for the flight. Ob- 
viously the medical personnel in charge of such 
a flight should make certain that the proper in- 
struments are at hand to aspirate air from the 
pleural cavity and thereby prevent air expan- 
sion at altitude. These instruments should be 
available under all circumstances because wea- 
ther conditions are unpredictable and ascent to 
higher altitudes than planned may become a 
necessity. The fact that the effects occurred even 
though oxygen was used is deserving of men- 
tion. This merely emphasizes that relief of 
hypoxia does not prevent the expansion of gas 
in the pleural cavity at altitude. 

Mediastinal emphysema arising from a direct 
puncture wound, perforation of the pharynx, 
esophagus, etc., could also produce serious ef- 
fects on the circulation by causing pressure on 
the large veins which enter the chest. The ex- 
pansion of this trapped mediastinal gas at alti- 
tude may result in further complications by 
exacerberating these pressure effecAs. Such pa- 
tients should certainly not be evacuated by air 
unless a pressurized aircraft is available or unless 
an emergency situation demands immediate 
movement of the patient. In the latter case the 
flight must be made at low altitude if a pres- 
surized aircraft is not available, 

TxTBERCULOSis. Many military personnel with 
tuberculosis of varying degrees of clinical se- 
verity have been transported by air. Similarly, 
commercial aircraft have transported thousands 
of tuberculous patients. There is no definite 
evidence that these patients were adversely 
affected by their exposure to altitude, On the 
other hand, equally important is the fact that 
there are no data which show conclusively that 
no deleterious effects occurred in these iDatients 
or could not occur in others. The following are 
some thoughts to consider on the transportation 
of tubercular patients by air. 

If moderately high altitudes (12,000-15,000 
ft) must be attained during the flight it is safest 
to use oxygen masks. A tuberculous lung may 
have a suflBcient loss of surface area and restric- 
tion of movement by adhesions, so that s^'mp- 
toms of hypoxia would appear at lower altitudes 
than in the normal individual. The use of oxygen 
may be especially indicated in tuberculous pa- 
tients because, if hypoxia occurs, the faster and 
deeper breathing could possibly cause hemor- 
rhage by stretching healed lung fibrous tissue 
or the adhesions which are relatively common 
in chronic cases. Even though oxygen may be 



used, the apprehensive patient who becomes 
hyperpneic or the patient afiFected by moderately 
severe airsickness could possibly have a hemor- 
rhage. This is also true of patients with bron- 
chiectasis or esophageal varices. 

The possible effects of gas expansion in body 
cavities have been discussed. It is again impor- 
tant to point out that if air is trapped in a small 
cavity or in a small bronchus which is blocked, 
this air will attempt to expand at altitude. If the 
cavity has a rigid wall and does not readily al- 
low an increase in volume, then the pressure 
inside the cavity or closed bronchus undergoes 
a relative inca-ease at altitude. It is reasonable 
to believe that the expansion of gas in such a 
closed region or in and around a tubercle could, 
under some circumstances, liberate organisms 
into other areas of the lung. Material in bronchi 
can be coughed up. This is not unusual in bron- 
chiectasis or tuberculosis in aircraft or low pres- 
sure chambers. It should be obvious that dispos- 
able oxygen masks and other measures should 
be taken to prevent spread of infective organ- 
isms. 

Thousands of tubercular patients have been 
transported by air without obvious adverse ef- 
fects. However, each tubercular patient to be 
evacuated by air must be considered a special 
case. The use of oxygen, special handling of 
coughed up materid, and the possibihty of 
pneumothorax peeurring during flight are con- 
siderations worthy of attention. 

Decreased Pressure and the Middle Ear 

In the air evacuation of patients certain pre- 
cautions should be kept in mind. Sleeping 
passengers should be awakened before descent 
is made, in order that they may voluntarily make 
an effort to equalize pressures across the ear 
drum. The chewing of gum on descent may be 
of aid in equaUzing pressures in the ear. Pa- 
tients with acute severe upper respiratory infec- 
tions, sinusitis, mastoiditis, and certainly those 
with acute otitis media should not be trans- 
ported by air. Even small changes of pressure 
as occur between sea level and 2,000 or 3 000 
feet are sufficient to cause difficulties. Air travel 
may be contraindicated for individuals with re- 
cent perforation of the ear drum, and those with 
recent fenestration operations. 

Voluntar\- efforts can be made to aid the func- 
tion of the pharyngeal valve of the eustachian 
tube so that it is more efficient in allowing air 
to enter the middle ear wlien descent from alti- 
tude is being effected. Swallowing, yawning, 
holding cue's nose and swallo\ving with the 
mouth closed are methods which tense the small 
muscles that aid in opening the eustachiaii tube. 
It is wise to use caution in using those maneu- 
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vers which raise the pressure too forcefully since 
these methods could result in the introduetioii of 
organisms into the eustachian tube and perhaps 
cause infection. Also, before flight or before 
descent, solutions of Neo-Synephrine Hydro- 
chloride (Q.5 per cent) or Ephedrine (1.0 per 
cent) can be sprayed into both nostrils to shrink 
the tissue around the pharyngeal orifice of the 
eustachian tube. 

Cranial injuries. Certain types of skull frac- 
ture cause injury extensive enough to result in 
the entrance of air into the brain case. This is 
particularly true if the fracture occurs in the 
bony wall between the sinuses, or ear, and the 
brain with a tear in the dura mater. In such 
cases tfierts may be a leakagie either of clear or 
bloody cerebrospinal fluid to the outside. At the 
same time, of course, air can enter the skull. 
Because of blood clots and the possible valve-like 
action of damaged tissue, it is feasible that in 
many instances this air is relatively trapped and 
would expand at altitude if such a patient were 
evacuated in an aircraft. 

The effects of such gas expansion could be 
expected to be far more serious than in other 
regions of the body because the brain is so 
rigidly enclosed that the gas atteUapting to ©e- 
pand could exert a considerable jaressure. Exper- 
imetits have been conducted in which air has 
been artificially introduced into the skull of 
dogs. The animals were then exposed to alti- 
tude in the low pressure chamber. These experi- 
ments indicate that harmful eflfects, and even 
death, may result from the expansion of gas. 

It should be apparent from the preceding dis- 
cussion that adverse effects of gas escpansion may 
also be expected in the air evacuation of patients 
who recently had air artificially introduced into 
the skull or spinal spaces for purposes of enceph- 
alography or ventrieulography. Similarly, brain 
tumors and cysts with spaces occupied by gas 
could produce symptoms of varying degree, de- 
pending upon the altitude attained during the 
flight as well as the quantity of gas, etc. Regard- 
less of the presence or absence of accJurate data 
on these subjects, one should at least be aware 
of the possible effects of altitude on such pa- 
tients, and careful preflight evaluation should 
be made to determine the advisability of evacu- 
ating such patients by air. 

Schnedorf et al. showed that in the presence 
of brain concussion with an elevated cerebro- 
spinal fluid pressure there was a decreased oxy- 
gen saturation of the arterial blood. The latter 
hypoxemia coTild be alleviated by breathing 
oxygen. These findings provide a basis for advis- 
ing that if a patient with a raised intracranial 
pressure must be evacuated by air, it wOtild be 
safest to use oxygen equipment. A positive- 



negative pressure resuscitator should be used if 
there seems to be any danger of the patient's 
own respiration becoming embarrassed. The 
mean pressure during the respiratory cycle 
should be close to ambient pressure because 
higher pressures could increase an intracranial 
pressure which is already elevated. 

Miscellaneous conditions. Any eollection of 
gas under the skin, as in subcutaneous emphy- 
sema or in the muscles and skin as produced by 
the anaerobic organisms, such as B Tetanus, or 
B Welchii, may be expected to expand during 
ascent to altitude. Whether this expansion of 
subcutaneous gas would result in faster and 
wider dissemination of the organisms or toxins 
is problematical. Such a possibility exists, how- 
ever, and should be carefully considered when 
the question arises regarding the advisability of 
evacuating these patients by air. 

Dysbarism 

At the altitudes used for air evacuation, symp- 
toms of altitude dysbarism, such as bends and 
chokes, are not usually problems. However, one 
should be aware that porsdns with recently 
healed fractures can have moderately severe 
joint symptoms at low altitude. Allan cited the 
case of a combat pilot who developed an inca- 
pacitating pain of the left elbow at 12,000 feet. 
Three weeks later the symptoms occurred at 
10,000 feet and were severe enough to cause 
descent. X-ray examinations revealed traumatic 
calcification overlying the internal and external 
condyles of the left humerus. Ascents to altitude 
in the low pressure chamber caused the appear- 
ance of typical bends in the left elbow at 12,000 
feet. 

Jones and Shiller tested five yoimg adults ex- 
hibiting symptomatic arthritis or fibrositis (with- 
out demonstrable joint or tissue pathology) at 
various altitudes. During a three-month period 
the subjects were given 144 twenty-minute ex- 
posures to 3,000, 6,000, and 9,000 feet. A corre- 
lation was found between exposure to altitude 
and the incidence of pain in joints that had been 
as5Tnptomatic at sea level. 

The occurrence of joint pains at these low 
altitudes suggests that other factors, such as 
hypoxia or vascular changes, are concerned in 
the production of "typical" bends pain — that 
is, in addition to "bubbles." Recent injuries such 
as contusions, injection sites, etc., seem to be- 
come painful more frequently than old injuries. 

Pregnancy 

Patients who are two weeks beyond the sev- 
enth month of pregnane}? normally are not 
accepted for evacuation by air. Exception may 
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be made if movement is deemed necessary and 
essential. Theoretically, mild degrees of hypoxia 
at altitude with changes in cardiovascular func- 
tion and with perhaps a mild degree of change 
in acid-base balance because of hyperventilation 
could cause an altered irritability of the uterus. 
Gas expansion in the stomach and colon could 
perhaps contribute to the total pressure of the 
already distended abdomen. It can be easily 
understoocl by those who have been moderately 
or severely airsick that repeated episodes of 
nausea, vomiting, and retching are undesirable 
symptoms, and would be especially undesir- 
able if airsickness occurred during the last tri- 
mester of pregnancy. 

Effects of Decreased Air Density 

The effect of decreased air density is an im- 
portant consideration in the evacuation of pa- 
tients by air. The concepts are simple. Litter 
patients may require food and drink during 
flight. The reclining position is not conducive 
to efficiency in the act of swallowing, and under 
these conditions there may be aspiration of a 
small amount of fluid or solid material into 
the trachea or bronchus. 

Both at sea level and at altitude the irritation 
of the respiratory passages caused by such for- 
eign material rraults in reflex coughing. How- 
ever, the effectiveness of the cough mechanism 
is dependent to a great extent upon the den- 
sity of air in the respiratory passages. Even at 
low altitudes; the air density has been sulRciently 
decreased so that the force of the expiratory 
phase of the cough is lessened. For this reason 
the efficiency of the cough in removing such 
foreign particulate matter is decreased and the 
results may be dangerous. 

Instances of particulate material "going down 
the wrong way" may be avoided by i-emembering 
to put the patient in a position favorable for 
swallowing. This, of course, is usually done 
more or less automatically by personnel trained 
to care for the sick. From the above, however, 
it may be readily seen that remembering this 
simple prophylactic procedure is a "must" when 
seriously ill patients are given food or drink at 
altitude. 

The decreased air density at altitude also 
causes impairment of speech because activation 
of the vocal cords is a function of air density. 
Depending upon the altitude, one can expect 
some interference wiih the qualities of voice 
communication. 

Effects 0f Hypoxia 

In general, the vulnerability of a patient to 
hypoxia at altitude would largely be a matter 



of the degree to which the patient cannot ac- 
commodate because of respiratory or cardio- 
vascular pathology. This means that the respira- 
tory apparatus, cardiovascular system or both, 
fail to respond to the decreased oxygen tension 
at altitude. The patient is not as able to accom- 
modate to the lower oxygen tensions as is the 
normal person. 

Pulmonary pathology. Patients having pneu- 
monia, emphysema, asthma, tuberculosis with 
extensive pulmonary adhesions, lung abscesses 
or tumors, may already have the hypoxic type 
of hypoxia when they are at sea level. Ascent to 
altitude will add an additional degree of hypoxia 
which could cause collapse. Another case in 
point is that of the patient who has a number of 
fractured ribs. It is obvious that the additional 
breathing response induced by the lowered oxy- 
gen tension at altitude would increase his dis- 
comfort by forcing him to breathe deeper and 
faster. Tight bandages may decrease his capacity 
to increase pulmonary ventilation. 

All of these patients will be benefited at alti- 
tude by the administration of oxygen because 
tbe hypoxia of altitude is due to a decreased 
amount of oxygen in the inspired air. When one 
gives oxygen under these conditions, the benefit 
should be noticed very quickly because the 
aerohypoxia is corrected immediately. 

For instance, Lovelace and Hargreaves cite a 
patient with asthma of 20 years duration who 
complained of faintness and weakness at 13,000 
feet on an aircraft flight. There was moderately 
severe cyanosis, a pulse of only 40 per minute 
and a respiratory rate of 10 per minute. With- 
in 10 minutes of oxygen administration the cy- 
anosis disappeared and the pulse and respiration 
were normal. It is probable that the hypoxia was 
due to the asthmatic condition and perhaps the 
chemotherapy which had been given for other 
conditions. 

An analysis of the bradycardia of 40 per min- 
ute, would indicate at least that even thougli 
the respirations may have been of large ampli- 
tude and this was an aetite asthmatic attack, the 
patient was not compensating very well for the 
superimposed hypoxia of altitude. The same 
symptoms are often noted in an acute attack of 
asthma at sea level. Oxygen administration is 
an aid in such cases as are injections of sym- 
pathicomimetic drugs. In this case oxygen alone 
was such a definite aid that one gets the im- 
pression that it may have been life saving. 

One simple fact which would seem to be ob- 
vious, but nevertheless is often forgotten, is that 
for oxygen administered by mask to be effective, 
the airway must be patent. The administration 
of oxygen by mask to a patient with a severe 
edema of the vocal cords or a severe degree of 
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pulmonary pathology may not result in as good 
an oxygenation of the blood as is desired. Ob- 
struction of the respiratory passages at any point 
between the mouth and nose to the alveoli will 
prevent the administered oxygen from reaching 
the pulmonary capillaries. Oxygen cannot, there- 
fore, be expected to provide relief from the 
hypoxia. 

At altitudes attained during the usual or even 
unusual air evacuation flights, if the patient is 
initiating his own inspiratory eflforts, there is lit- 
tle need for the additional oxygen which may 
be supplied by pressure breathing. Up to alti- 
tudes of 34,000 feet the ordinary continuous flow 
or demand oxygen system will deliver sufficient 
oxygen to keep the individual in the same con- 
dition as he would be at sea level breathing air. 
At altitudes below 34,000 feet, if 100 per cent 
oxygen were used, he would have an inspired 
oxygen pressure greater than at sea level breath- 
ing air. 

The use of a pressure breather by patients at 
low altitudes wonld be advantageous only if the 
patient were so severely ill that his spofltanequs 
respirations ceased. Obviously in this case the 
pressure breather must be a resTiscitator type of 
apparatus. That is, the instrument cycles 
whether or not the patient is initiating spontan- 
eous respirations. One must understand that the 
instrument delivers a positive pressure which 
serves to inflate the lungs, and that this pressure 
is over and above the ambient or environmental 
pressure. 

The Stevenson resuscitator, using the positive- 
negative cycle principle, is currently used ex- 
tensively in aeromedical evacuation. This, of 
course, is an emergency procedure. The Seeler 
resuscitator is a light weight easily transportable 
device recendy develojied by the Aero Medical 
Laboratory. 

Air Transportation of Patients with 
Respiratory EnsufRciency 

General policy for air transportation of pa- 
tients falls within the purview of AFR 160-52, 
(AR 40-535, and OPNAYINST 4630.9A). 

In undertaking to transport patients with 
respiratory insufficiency, the physician is faced 
with two major problems. The first is that of 
the criteria to be used in selecting patients for 
air trarisportatioti. The second is that of adapt- 
ing currently used methods in the treatment of 
respiratory insufficiency to the limitations of air 
travel so as to assure adequate care of the 
patient. 

The simplest way to discuss the problems is 
to separate the movement of these patients into 
three phases: Preflight, Inflight, and Postflight. 



1. Preflight. This phase is the most critical. 
Selection of patients is of paramount impor- 
tance. The adverse effect of physical activity on 
morbidity and mortality has been demonstxated. 
Thus, as a general rule, only patients whose con- 
dition has stabilized and who are past the acute 
stage are acceptable. In exceptional cases, where 
respirator care is not available locally and can- 
not be taken to the patient, it may be necessary 
to transport such a patient to a respirator center. 

This still leaves a large group of post-acute or 
early chronic cases of poliomyelitis who may re- 
quire transportation to a rehabilitation center, 
or to a larger hospital or back to their homes. 
In this group, the extent of the respiratory 
paralysis is important in determining how the 
patient will be transported and what margin of 
safety is available. A patient with only moderate 
respiratory paralysis, who is out of the respirator 
8 to 12 horns a day, can usually be moved safely 
by ambulance or train for relatively short dis- 
tances. More severely involved patients can be 
moved more safely and more quickly by air. 

If the patient is adequately ventilated as de- 
termined by the use of ventilometer {c. g., 
Bennett type, Monaghan Co., Denver, Colo.) 
and the Radford nomogram, the portable SAM 
tank respirator can be adjusted to give the same 
ventilation. If he is underventilated as indi- 
cated by actual ventilatory measurement, pulse 
rate and blood pressure, the ventilation is in- 
creased to adequate levels. In the case of a pa- 
tient with chronic compensated respiratory aci- 
dosis, it may be nece^ary to correct the acidosis 
and accompanying hypocMoremia before the 
flight. The presence of excessive secretions may 
necessitate a tracheotomy before flight if not al- 
ready performed. 

In the presence of residual hulbar involve- 
ment, as indicated by inability to swallow, a 
tracheotomy is imperative. Dehydration, which 
tends to make the secretions thicker and more 
difficult to aspirate, must be corrected. Urine vol- 
ume and specific gravity are used as indices as 
to the patient's state of hydration. A chest film 
is obtained within 24 hours before the flight in 
order to rule out the presence of atelectasis or 
other pulmonary disease which would make it 
difficult to maintain adequate ventilation at alti- 
tude. If the patient is afebrile, and no complica- 
tions are present or have been corrected, the 
patient is placed in the SAM respirator so that 
it can be properly adjusted to his ventilatory de- 
mand. This enables him to become familiar with 
the team who will transport him and to develop 
confidence in them and in the respirator. He is 
observed for about an hour in the SAM respira- 
tor and then returned to his own respirator until 
time for the flight, usually the following morning. 
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2. In-flight. The second or in-flight phase 
presents olJier problems. The conditiotis of dry- 
ness of the atmosphere and decreased oxygen 
tension at cabin altitudes of 6,000 or 7,000 feet 
constitute hassards for the patient. The dry 
atmosphere causes thickening of the patient's 
secretions and increased difHcuIty in removing 
them. This can be combatted by frecjuent suc- 
tioning, and by intratracheal lavage with normal 
saHne. Decreased density of the air at altitude 
makes for less efficient functioning of the respi- 
rator. This, together with the decreased oxygen 
tension, may lead to serious underventilation. To 
avoid hypoventilation, the patient's tidal volume 
and respiratory rate are checked at frequent 
intervals, especially after any change in cabin 
altitude, and the respirator is readjusted as 
necessEiry. 

According to the Radford nomogram, an ad- 
ditional 5 percent is added to the tidal volume 
for each 2,000 feet of cabin altitude above sea 
level. As a secondary check, the pulse and blood 
pressure are recorded at more frequent intervals 
between ventilatory measurements. A rise of 
over 20 mm. mercury in the systolic pressure, 
or an increase of 20 to 30 beats per minute in 
the pulse rate may indicate hypoxia which re- 
quires an immediate check of tidal volume and 
respiratory rate. The patient is given humidified 
oxygen if necessary, but an adequate ventilatory 
minute volume is essential wheiher oxygen is 
given or not. Patient anxiety related to the flight 
is allayed so far as possible by constant attend- 
ance and reassurance. Meclizine (Bonamine) 
or dimenhydrinate (Dramamine) is used if air- 
sidoiiEss occurs and is often given one hour be- 
fore fli^t in selected cases. 

3. Post-flipjit. In the final or post-flight phase, 
patient care remains under the supervision of 
the flight team until he has been placed in his 
respirator at the receiving hospital, and his ven- 
tilation, pulse rate, blood pressure, and general 
condition are considered satisfactory. A certain 
number of these patients will develop compli- 
cations such as fever, pneumonia, atelectasis, or 
excessive secretions after flight. The incidence 
of such complications seems to have decreased 
considerably as the technique for air transport 
has been improved. By constant attention to the 
criteria for patient transportability and by con- 
tinual refinement of in-flight procedures, a safe 
and practical method for transporting patients 
with respiratory insufficiency can be maintained. 

In order to assure safe evacuation, certain re- 
sponsibihties should be delineated, 

1. Respon?(bilities of originating hospit^. 

a. Tlie attending physician should have a 
tracheotomy performed in advance of ihe flight 



if there are any bulbar signs, other than isolated 
facial narve paresm^ present. 

b. TTie stafi^ should be available to assist in 
transfer of patient from hospital equipment to 
portable respirator. 

c. The physician in charge of the patient 
should be available to brief the Air Force med- 
ical team on patient's condition. 

d. All medical records and cHnical charts 
should be available. 

e. The patient's baggage and equipment 
should be ready for movement. 

2. Responsibilities of destination hospital. 

a. Receiving staff should be available upon 
arrival of the patient and should include a phy- 
sician who will become familiar with the case. 

b. Personnel should be available who are 
acquainted with mechanical difficulties of the 
respirator that might need attention. 

c. Spare respirators should be available for 
emergencies or as replacement for malfunction- 
ing imit 

HYPEHVENTrLATroN SYNnBOME. Any individtial 
can voluntarily, or because of apprehension and 
anxiety, hyperventilate to such an extent that 
he develops an alkalosis. Because the change in 
acid base balance is effected through the res- 
piratory system the condition is known as a "res- 
piratory alkalosis," which means that the pH of 
the blood and tissues have shifted towards the 
alkaline. In such individuals the first symptoms 
may be blurring of vision, faintness, dizziness, 
and tingling of the fingers which may progress 
to loss of consciousness, carpopedal spasm, and 
convulsions. 

The susceptibihty of individuals to hyper- 
ventilation varies. Several studies have indicated 
the very important fact that one should not only 
be observant of obvious hyperventilation but 
that mild hyperventilation over a longer period 
of time may produce the same symptoms. While 
the syndrome is not as important in patients who 
are being evacuated by air as it is in the indi- 
viduals who are flying the airCTaft, the medical 
personnel in attendance should explain to an 
apprehensive patient the mechanism of his 
symptoms and have him voluntarily reduce his 
respiratory minute volume. 

As stated previously the hyperventilation syn- 
drome can result from apprehension; but one 
should also keep in mind that it can be pro- 
duced by hypoxia at altitude. As the partial 
pressure of oxygen iu the inspired air is de- 
creased the p02 of the arterial btood decreases. 
The decreased p02 in arterial blood stimulates 
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the d^moreceptors priBsent in the carotid and 
aortic bodies and by reflexes through the respir- 
atory center increases respiration rate and am- 
plitude. This is beneficial because when the 
respiratory minute volume is increased more 
oxygen is available. However, if the increased 
ventilation proceeds to the point of hyperventi- 
lation then, as before, hypocapnia may result. 
In this connection one should prevent hypoxia. 
That is, depending upon the type of patient, 
it is best to begin the administration of oxygen 
early rather than wait until symptoms of hy- 
poxia are manifest. 

Apprehension about flying has caused many 
patients to experience discomfort or actual 
sickness even before the aircraft has left the 
ground. Some individuals vpill probably never 
cease to be greatly concerned about flying and 
hence will constitute a problem whenever flights 
are necessary. There is little doubt, however, 
that understanding on the part of medieal per- 
sonnel can do much to help many of these 
patients. 

CABmovAscuLAH DISEASE. The circulation has 
three compensatory mechanisms for increasing 
oxygen teansport when hypoxic stresses are 
placed on the body. These mechanisms are: 
increasing cardiac output; increasing the arterial- 
venous oxygen difference; increasing the amount 
of circulating hemoglobin. 

Increasing caediac ounptr. The cardiac out- 
put is determined by the stroke volume (num- 
ber of cc of blood ejected from each ventricle 
per stroke) multiplied by the heart rate. For 
example, if the normal stroke volume is 60 cc of 
blood and the heart rate is 70 per minute then 
the normal cardiac output per minute for the 
resting individual will be 60 x 70 -4,200 cc per 
minute. During such stress as exercise the stroke 
volume may be as high as 100 or 200 cc per 
stroke, and of course the heart rate may increase 
to 100 or more per minute. The cardiac output 
under these conditions can attain average values 
of 25 liters per minute in healthy young adults. 

In the present discussion, however, the only 
point to be made is that one of the compensat- 
ing mechanisms for altitude hypoxia may be an 
increased cardiac output. At ordinary altitudes 
the cardiac output may increase to about six 
liters per minute at rest. Even mild exercise at 
altitude could call for a further increase in car- 
diac output. Obviously this means an increased 
strain on the heart and vascular system. 

Patients with decompensating hypertensive 
cardiovascular disease, recent coronary occlu- 
sions or angina pectoris, should ordinarily be de- 
clared unacceptable for air evacuation except in 
emergencies or when pressurized cabins are 



available. Most hypertensive patients can be 
transported safely; but when such factors as ap- 
prehension are considered and arteriosclerosis is 
also present, it may be better in many instances 
to err on the side of conservatism, and not put 
an increased strain of altitude hypoxia on the 
diseased system. Each case should be evaluated 
individually. 

Increasing the abtehial-venous oxygen dif- 
ference. The first important concept to consider 
is that oxygen is carried in the blood in two 
ways: 1. As dissolved oxygen ~ that is, in simple 
solution in the plasma portion of blood. This 
amount is relatively small, making up onlv about 
0.25 of a cc of oxygen in 100 cc of blood. 2. As 
oxygen combined with hemoglobin. Most of the 
oxygen in blood is carried by the hemoglobin 
which is specialized for the purpose of carrying 
a relatively large quantity. To emphasize this 
point, it may be indicated that if the body had 
to depend entirely upon the amount of oxygen 
which could be carried in simple solution in 
plasma, it would need more than 60 times as 
much blood. For example, 100 ce 6f blood nor- 
mally has about 15 grams of hemoglobin. Each 
gram can carry about 1.33 cc of oxygen; hence 
each 100 cc of blood will have an oxygen capac- 
ity of 20 cc (15x1.33=20) or 20 volumes per 
cent. 

The second concept to understand is that at 
sea level the arterial blood normally has an oxy- 
gen content of about 19 volumes per cent, the 
blood is 95 per cent saturated. 

(content) 19 

(capacity) 20 ^ P^*" = P^"" 
^ " saturated 

With the above as background, it is possible 

to understand the significance of arterial-venous 

( A-V) oxygen differences. If: 

Arterial oxygen content=19 volumes per 

cent and 

Venous oxygen content=13 volumes per 
cent, then 

Arterial- Venous difference =6 volumes per 
cent. 

This means that the tissues at rest have used 
only 6 cc of oxygen out of each 100 cc of ar- 
terial blood, and the venous blood is returning 
to the heart with 13 volumes per cent of oxygen 
unused. The point is that under conditions of 
stress such as exercise, more oxygen could be 
taken out by the tissues from the arterial blood 
(10 cc instead of 6, for example), and hence the 
venous oxygen content would be decreased to 9 
volumes per cent making the A-V difference 10 
volumes per cent instead of 6. This is what is 
known as increasing the A-V oxygen difference. 
It is obviously a mechanism which can serve to 
increase the tissue oxygen supply. 
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Increasing the amount of cieculatinc he- 
moglobin. The amount of oxygen which can be 
carried by 100 cc of blood is dependent mainly 
upon the amount of hemoglobin which this 
amount of blood contains. If the amount of 
hemoglobin in the circulating blood could be in- 
creased during periods of hypoxia stress, then 
more oxygen could be carried. It is believed £hat 
the spleen acts as such a reservoir for blood and 
does increase the amount of circulating hemo- 
globin when it contracts. Other regions of the 
body such as the nonexercising muscles, liver, 
sinusoids, mesenteric vessels, etc., probably also 
have appreciable amounts of blood which can 
be put into effective circulation when conditions 
warrant. By effective circulation is meant the 
circulation to those parts of the body, such as 
the brain, which suffer early from a lack of 
oxygen. 

Tn general, increasing the amount of hemo- 
globin in the blood is a chronic type of response 
noted in persons living and working at high alti- 
tudes. It is believed, however, that the contrae- 
tion of the spleen, as an acute response to alti- 
tude, does occur and is a part of adaptation to 
altitude hypoxia. 

Anemia. The anemic patient differs from the 
normal patient in that he has a smaller oxygen 
capacity and a smaller oxygen content. One 
should not be misled by the fact that the anemic 
individual can have the same oxygen saturation 
as the normal person. For example, the normal 
individual has an oxygen content of 19 volumes 
per cent and an oxygen capacity of 20 volumes 
per cent. 

Content 

Capacity ^ 100%=per cent saturation 

hence, in the normal person: 
19 

2Q X 100% =95 per cent saturation 

and in the patient who is 50 per cent anemic; 
9.5 

jQ- X 100% =95 per cent saturation 

It is obvious, however, that the patient who is 
anemic by 50 per cent has only half the amomit 
of oxygen available to the normal person, even 
though the saturations are the same. Note also 
that he has only a small arterial oxygen content 
(9.5 volumes per cent to begin with). If the 
tissues at rest still used 6 volume per cent, then 
his venous blood content would be very low. 

Arterial oxygen content=9.5 volumes per 

cent 

Venous oxygen content =3.5 volumes per 

cent 

Aterial- Venous difference=6.0 volumes per 

cent 



In a very anemic person, however, the tissues 
usually suffer because they do not remove 6 vol- 
umes per cent of oxygen from the arterial blood, 
but perhaps only remove 2 or 3 cc of oxygen 
from each 100 cc of blood. Perhaps the tissues 
acclimatize to getting along on less oxygen. In 
any event it is certainly obvious that there are 
limits to the extent which his cardiac output, in- 
creased A-V difference, and mobilization of he- 
moglobin can help him to adapt to increased 
oxygen need during exercise, or ascent to alti- 
tude. 

Insofar as evacuation by air is concerned, it 
may be indicated that the anemic individual 
should be given oxygen. As a general rule, if his 
body at rest is compensating for his anemia and 
keeping him in fairly good condition at sea level, 
then the administration of oxygen to such an 
individual at moderate altitudes should keep 
him in just as good condition at altitude as he 
was at ground level. By supplying him with oxy- 
gen at altitude, it is possible to make certain 
that whatever hemoglobin he does have is 100 
per cent saturated. 

Sicklemia and Splenic Infarction 

In 1947 Sullivan reported the case of an 18- 
year-old negro soldier who developed nausea, 
vomiting, and felt upper quadrant discomfort 
during a iiight from the East Coast to Florida. 
The return flight was made at altitudes between 
10,000 and 16,000 feet and the symptoms re- 
curred. An enlarged, tender spleen and sickling 
of the peripheral blood were noted on examina- 
tion. Since that time more than thirty such cases 
have been reported in the literature. All exhibi- 
ited the triad of sicklemia, aerial flight and 
splenic infarction. 

Smith and Conley studied the hemoglobins in 
fifteen of these cases and found S hemoglobin 
present in all cases. (Filter paper electrophoresis 
was the method of analysis. } C hemoglobin was 
present in three cases and nonnal A hemoglobin 
was present in greater amount than the abnor- 
mal S hemoglobin in eleven cases. Sickling was 
noted in fourteen cases when they were studied 
with 2% sodium metabisulflte sickling prepara- 
tions. 

The finding of splenic infarction in patients 
with sickle cell trait (A and/or S) has been 
rather surprising. Two cases of sickle cell (S) — 
hemoglobin C disease developed splenic infarc- 
tions after flight in civilian airliners with cabin 
altitudes of 4,000 to 6,000 feet. Consideration is 
being given to establishing some form of elec- 
trophoretic hemoglobin analysis as a screening 
procedure. It would seem best to restrict from 
flying any person having sickle cell — hemoglo- 
bin C disease. A recent addition to reported 
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cases was made by Rotter, et al, and an excel- 
lent review of abnormal hemoglobins has been 
published by Watson. 

It should be apparent why patients in shock 
are ordinarily not suitable risks for air evacua- 
tion. However, in some conditions there may be 
no choice. All supportive therapy, including 
oxygen, is of course indicated. Intermittent pres- 
sure breathing with a small positive and nega- 
tive phase may be of aid, because any oxygen 
physically dissolved in the plasma may be a 
valuable addition if circulation is sluggish. 

One other item should be mentioned regard- 
ing cardiac conditions. It is common knowledge 
that stimulation from the viscera can affect the 
normal heart and also the diseased heart. As 
previously stated, gases in the stomach and colon 
may expand at altitude and cause discomfort. It 
is conceivable that through nerve reflexes, severe 
abdominal distensions may afFect a diseased car- 
diovascular system and cause difficulties. How- 
ever, although it is important to keep these 
things in mind, it is evident that an unusual set 
of conditions would have to be present before 
such factors as these could be considered abso- 
lute contraindications for air evacuation. 

Special Care of Eye Cases 

The management of various diseases and in- 
juries of the eye deserves special consideration 
because of the importance in helping to pre- 
serve useful vision or even the globe itself. These 
facts must also be known to make the proper 
selection of eye patients who may be safely 
evacuated by air. 

It must be remembered that ordinarily the 
eye is a liquid filled organ not subject to expan- 
sion changes. However, in injured and surgical 
caseSj air may be present from injury or may 
have been surgically injected to reform the an- 
terior chamber. In these cases the patient must 
be flown at low altitudes to prevent the air from 
expanding and reopening the wound or break- 
ing surgically sutured wounds. The alterna- 
tive and best method is to transport the patient 
in a pressurized cabin. 

The effects of hypoxia are also important. 
Hypoxia produces dilatation of the retinal and 
choridal vessels that is measurable above 10,000 
feet and becomes maximal at 20,000 feet. This 
dilatation is reversible by the administration of 
oxygen or return to ground level. 

An individual who has had an intra-ocular 
hemorrhage may have a recurrence of this hem- 
orrhage, if not properly managed. Oxygen should 
then be administered in such cases when at- 
taining altitudes of 4,000 feet. 

Hypoxia also produces a rise in intra-ocular 
tension above 10,000 feet, concomitant with sys- 



temic arterial pressure rise. This is not desirable 
in any type of eye patiemt and can be pre- 
vented by the administration of oxygen. 

A third important change in the eye caused 
by hypoxia is a decrease in pupillary diameter. 
This is particularly bad in injury or surgical 
cases where it is desired that the pupil remain 
dilated. This can also be prevented by (he ad- 
ministration of oxygen. 

A fourth point to bear in mind is the fact that 
the retina has the highest oxygen demand of 
any organ in the body. Therefore, in any type 
of choridal, retinal disease or injury, oxygen 
should be administered beginning at 4,000 feet 
to prevent further damage to these tissues by 
oxygen lack. Sedation is important to relieve 
nervous tension in cases such as glaucoma. 

In at!<-mpting to decide whether the eye pa- 
tient may be a seat or litter patient, the follow- 
ing may help decide the issue. The eye patient 
should be a Htter patient if he has had: 

1. Recent intra-ocular wound. 

2. Recent intra-ocular surgery. 

3. Severe eye disease of any type. 

In managing the patient en route, care must 
be taken to prevent squeezing of the injured 
globe. Thus, dressings must be applied lightly 
and ¥2% tetracaine hydrochloride eye drops 
(Pontocaine) may be instilled every hour. No 
eye ointment should be used in any open eye 
wound since severe intra-ocular damage is often 
caused by incompatability with the fluid and 
tissues of the eye. The patient should be h^vily 
sedated with barbiturates; but morphine, be- 
cause it produces pupillary constriction, must not 
be administered without the permission of an 
ophthalmologist. 

The comatose patient must be carefully 
watched to prevent corneal drying. This can be 
prevented by closing the lids and holding them 
with moist cotton pledgets or by covering the 
eyes with X-ray paper after removing the emul- 
sion. This paper, cut to proper shape, can be 
formed into a cone to be placed over the eye. 

In caring for eye patients, the following dan- 
ger signs must be watched for, and if they occur 
they should be carefully noted on the patient's 
flight record: 

1. Severe pain. 

2. Blurring or loss of vision. 

3. Visible intra-ocular hemorrhage. 

4. Change in pupillary size or shape. 

5. Photophobia. 

6. Protrusion of the globe. 

7. Extreme redness of the eyeball and con- 
junctiva. 

8. Marked tenderness of the globe. 
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Aeromedical 



Evacuation Aircraft 



Aircraft Orienfation 



The purpose of this section is to discuss the 
various aircraft used, in medical air evacuation. 
The chart, Aircraft Used in Medical Air Evac- 
uation, will serve as a comparison of the various 
type of aircraft and also as an index for this 
section. 

The figures given in this chart may vary 



widely in different models of the same type 
aircraft. The approsiimate cruising speeds will 
vary with load and distance to be flown. The 
ambulatory and litter loads will vary with dif- 
ferent models and are governed by the regula- 
tions of the operating organization. Equipment 
also varies with individual aircraft of the same 
type. 



TabiB 4G-1. Aircraft used in Medical Air Evacuation. 



Type 



No. of 
Engines 



Approx. 
CmlsinE 



(Knots) 



Maximum 

Ambulatory 

Patients 



Maximum 

Litter 

Patients 



Name 



Civilian 
Designation 
(it any) 



C-47 


2 


145 


27 


C-54 


4 


171 


49 


C-118 


4 


230 


92 


G-il9 


2 


149 


m 


C-121 


4 


202 


53 


C-123 


2 


208 


60 


C-124 


4 


175 


200 


C-130 


4 


280 


92 


C-131 


2 


240 


36 


H-5 


1 


80 


3 


H-19 


1 


90 


10 


H-21 


2 


104 


20 



24 SIfytrain DC -3 

36 Sl(ymaster DC-4 

50 Liftmaster DC-6 

35 Pacliet 

48 Constellation Constellation 

50 Assault Transport 

136 Load master 

74 Hercules 

27 Convair 240 Convair 

2 S-51 

8 S-55 

12 Workhorse 
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C-47 DOUGLAS "SKYTRAIN" 

The C-47 is a twin-engine, non-pressurized aircraft. It has a htter 
capacity of 24 or a seating capacity of 27. There are six tiers with four 
litters in each tier. Standard litter support straps and wall brackets are 
used to secure the litters. Bucket type seats or Evans canvas seats are 
used for ambulatory patients. 

The C-47 is a low door aircraft; so no loading device is required in 
the on-loading or off-loading of patients. 

The position of the litter patients in this aircraft is head forward 
due to the plane's tail-low position on the ground. 

A few C-47s are still being used by tactical systems. 




C-54 DOUGLAS "SKYMASTER" 

The various models of the C-54 have been used widely for air evac- 
uation. The aircraft has four engines, a single deck, and is non-pres- 
surized. 

The capacity of the akcraft varies according to die model, and even 
in the same model series, if a fuselage hid compartment is installed. 
The number of Utter spaces ranges from 20 to 36, The C-.54M has a 
maximum litter capacity of 32 in eight tiers of four litters each, plus 
eleven passenger seats. Other modifications of the C-54M include a 
nurse's station, built in ventilation, solar-reflecting paint, improved insula- 
tion, and individual oxygen supply controls. 

AH C-54s are high door aircraft requiring a special ramp or loading 
device for loading. The position of the litter patients in this aircraft is 
feet forward. 

A few C-54s are being used by tactical systems. 
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C-118 DOUGLAS "LIFTMASTER" 

The C-118 resembles a C-54, except that it is larger. It is a four en- 
gine aircraft with a pressurized cabin with a capacity of 60 litter patients 
or 92 passengers. It is equipped with standard Htter support straps and 
wall brackets. 

Patients are loaded through the main cargo doors, located in the for-- 
ward and rear sections of the aircraft, by using special lifting devices 
and ramps. The position of the litter patient in this aircraft is feet f or\\'ard. 

This aircraft is excellent for air eyacuation work, because of its auto- 
matically pressurized and air conditioned eabin. 

C-118s are being used in MATS Strategic System. 




C-n9 FAIRCHILD "PACKET" 

The C-119 is a non-pressurized, twin-boom type aircraft with two en- 
gines and a single deck. It has a litter capacity of 35 or a seating capacity 
of 42. 

Standard htter support straps and wall brackets are used for securing 
the litters. Evans type seats are provided for ambulatory patients. The 
wall brackets are mounted on upright metal poles which may be ti.irned 
90° when not in use. This allows the brackets to he flat against the 
fuselage and prevents them from being damaged by cargo. The pole 
is locked in both positions by means of a pin. 

This is a low-door aircraft; patients can be lifted from the ground 
directly through the large freight doors in the rear, The position of the 
litter patient is feet forward. 

Not used for peacetime air evacuation. 
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C-121 LOCKHEED "CONSTELLATION" 



The C-121 is a single deck four-engine aircraft with a pressurized 
cabin. This plane is equipped with 24 airline seats on one side and 
fixtures for securing 24 litter patients on the opposite side of the air- 
craft. If desirable, the airline seats could be removed to provide space 
for 48 litter patients - six tiers of four litters each on both right and 
left side. Standard webb strapping and wall brackets are used to secure 
the litters. 

Ramps, or mechanical loading devices, are required when loading lit- 
ter patients. The position of patients in the tiers is feet forward. 
C~121s are being used in the MATS Strategic System. 




C-123 FAIRGHILD "AVrTRUC 

This twin-engiiie non-pressufized assault transport is designed for use 

on small front line airstrips. It is equipped with standard litter secur- 
ing devices and can accommodate 50 litter or 60 ambulatory patients. 
Litter patietits are placed feet forward in the tiers. No loading device is 
necessary. 

Not used for peacetime air evacuation. 
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C-124 DOUGLAS "LOADMASTER" or "GLOBEMASTER 11" 

This large transport has four engines, is non-pressurized, and has two 
passenger decks. The upper passenger deck may be removed if neces- 
sary by folding its sections upward and against the sides of the aircraft. 

If ho& decks are utilized, the aircraft is capable of carrying 136 Htter 
patients or 200 ambulatoiy patients. Usually only ambulatory patients, 
and litter patients who are capable of becoming ambulatory, are loaded 
OB the upper deck. Standard wall brackets and webbing straps are used 
to secure the litters in tiers of four each, on both sides, with double tiers 
of four in the center. The brackets of the center tiers are fastened to 
metal poles which fold up against the ceiling when not in use. 

Patients can be loaded by using the built-in ramps in the nose of 
the aircraft of by using the built-in power elevator in the rear section 
of the aircraft, Litter patients are placed feet forward in the tiers. 

Not used for peacetime air evacuation. 




C-130A LOCKHEED "HERCULES" 

The Lockheed C-130A is a long range transport plane with a pressur- 
ized cabin. It is capable of accommodating 92 allibulatory patients, 
or 74 litter patients with 2 attendants, or 70 litter patients with 6 
attendants, or a combination of the two. The htters are carried aboard 
the airplane through the cargo loading ramp door, and are instaUed in 
four lengthwi.se rows in the cargo compartment. Stowage provisions for 
the litter support stanchions are provided in the cargo compartment for- 
ward bulkhead. 

The C-130A can land and take off on short runways and can be used 
on landing strips such as those usually found in advance base opera- 
tions. It can also carry heavy loads, long distances without refueling. 
Power for this airplane is supplied by four turbo-prop constant speed 
engines. 

Normal use is within a theatre of operations. 
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C-131A CONSOLIDATED-VULTEE "CONVAIR" 




The C-131A — "The Samaritan" is a twin-engine aircraft specially de- 
signed for air evacuation. Its pressurized cabin can accommodate a 
maximum of 27 htter patients or 36 ambulatory patients. A combined 
load utilizes 15 litters along the left side and 20 rearward-facing air- 
line seats on the right side. 

This aircraft is equipped with standard litter securing devices. The 
litters can be placed in three tiers of four each on both sides, with 
one tier of three on the rear left side opposite the latrines. Normally, 
however, this last tier space is utilized for baggage and equipment 
stowage. 

Litter patients are loaded through the cargo door in the left rear 
section with the aid of a special ramp or mechanical loading device. 
These patients are placed in the tiers feet forward. Ambulatory pati<nifs 
can be loaded by way of the built-in steps in the right forward section 
of the aircraft. 

Special features include special lighting facilities, a well equipped 
galley, flight nirrse desk, individual fresh air blowers, loudspeaker sys- 
tem, permanently-partitioned latrines, and adequate soundproofiiig. 

The C-131A is the primary peacetime aeromedical aircraft. It is the 
aircraft used in the MATS domestic .system. 

The C-13IE is also used for the movement of patients. It can carry 
12 litter and 20 ambulatory patients, It is pressurized and air-conditioned, 
but does not have all of tie special features that are included in the 
"Samaritan" or the A model. 




H-19 "SIKORSKY" HELICOPTER 

The H-19 is a single engine, single blade helicopter which can ac- 
commodate six litter patients or 8-10 ambulatory patients, depending 
upon their weight. Two tiers of three litters each are secured with stand- 
ard webb support straps and wall brackets. Patients may be easily 
lifted directly into the aircraft. 
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The H-2I is a twin engine helicopter whicli can accommodate twelve 
(12) litter or twenty (20) ambulatory patients. Standard webb support 
straps and wall brackets are used to secure the litters, 
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The purpose of this section is to enable the 
Flight Surgeon to familiarize himself with the 
agencies and channels designed to help him in 
the quick and efficient disposition of his respon- 
sibilities. This knowledge of the broader concept 
of the USAF Medical Services will stand him 
in good stead — not only in handling any unusu- 
al situation which may occur in the routine per- 
formance of his duties ~ but also as essential 
knowledge to aid him to progress toward the 
higher echelons of his own particular specialty. 

The Department of Ae Air Force consists of 

the executive element at the seat of government 
and all field headquarters, forces, reserve com- 
ponents, Installations, activities and functions 
under the control of the Secretary of the Air 
Force. The executive element consists of the 
Office of the Secretary of the Air Force, and an 
Air Staff (Headquarters USAF) headed by the 
Chief of Staff. 

The Secaretary of the Air Force is charged with 
the responsibility and vested with the authority 
for conducting all affairs of the Department of 
the Air Force. The Chief of Staff is directly re- 
sponsible to the Secretary for the efficiency of 
the Air Force, for its state of readiness, for mili- 
tary operations, for plans therefor, and for their 
proper execution. The Air Staff renders profes- 
sional aid and assistance to the Secretary and 
the Chief of Staff. 

In the Air Staff the Deputy Chiefs of Staff rep- 
resent the Chief of Staff within their functional 
are;""' " ^ 'uay act for him on any matters falling 
witlnn tijc scope of their responsibilities. They 
also bear a responsibility for keeping the Chief 



informed and for exereising their judgment in 
referring problems for his decision, 

FUNCTIONS OF THE AIR FORCE 
MEDICAL SERVICE 

The Medical Service, USAF, performs the 

functions listed below and such others as may 
be prescribed by the Chief of Staff, USAF. (In 
those areas where a deputy chief of staff has 
over-all supervision, the function is carried out 
by the Medical Service in coordination witii that 
Deputy Chief of Staff. ) 

1, The development and supervision of an 
aviation medicine program designed to promote 
and maintain an optimum degree of flying read- 
iness in all aircrew personnel, which includes: 

a. The planning and operation of an air- 
crew effectiveness program. 

b. The development of physical standards 
for flying and the conduct of medical examina- 
tions of flying personnel. 

C. The provision of technical advice edn- 
cerning the aeromedieal aspects of design, re- 
search, and development of aircraft and protec- 
tive equipment. 

d. The establishment and administration of 
the Air Force Physiological Training Program. 

e. The encouragement and support of ap- 
pHed aeromedieal research as required to sup- 
port the flying mission. 

2. The development and supervision of a 
preventive medicine program; 

a. For the preservation of health and the 
prevention of accidents and disease among per- 
sonnel subject to Air Force control from all 
causes including nuclear, biological and chemi- 
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cal warfare. This encompasses all fields of public 
health ( such as occupational health, environmen- 
tal hygiene, nutrition, accident prevention, com- 
mimicable and preventable diseases), participa- 
tion in and support of epidemiological studies 
and research, health education and the provision 
of medical and technical advice to the flying 
safety and ground safety programs. 

3. The medical and dental care and treat- 
ment of personnel authorized to receive such 
care. 

4. The provision of a veterinary service for 
the Air Force encompassing a complete food 
inspection service, a veterinary research support 
service for aviation medicine and other research 
and dev(;Iopment, a veterinary public health 
service with emphasis on prevention and control 
of zoonotic diseases, and a medical service per- 
taining to animals. 

5. The development of physical standards 
for military personnel and the conduct of phys- 
ical eiEaminations for military and certain civilian 
personnel. 

6. The establishment and operation d hos- 
pitals, dispensaries, and other facilities resquired 
to carry out the Air Force Medical Service 
program. 

7. The development of requirements for the 
various training and reseafch programs, consul- 
tative service for difficult problems in Aviation 
Medicine affecting flying status of Air Force 
personnel; and approval of syllabi for courses of 
study conducted at the School of Aerospace 
Medicine. 

8. Encouragement and support of clinical re- 
search to improve patient care and clinical tech- 
niques and to increase the efficiency of the 
source material and instructional aids for train- 
Medical Service. 

9. The development of medical support 
plans, policies and doctrine for the organization 
and operation of the Air Force Medical Service, 
including aeromedical evacuation systems. 

10. The development of medi<si:l sections to 
the long range, mid-range and short range USAF 
war plans, including Medical Reserve Force re- 
quirements planning, and planning for support 
of all phases of Air Force activity under emer- 
gency conditions. 

11. The formulation and implementation of 
plans for the procurement, utilization, education, 
career management and training of Medical 
Service personnel including USAF personnel 
who are required to perform Aviation Medicine 
duties, and the establishment of qualitative re- 
quirements and characteristics of medical train- 
ing aids. 



12. Tlie development of manning policies, 
manpower standards and associated criteria, 
manpower requirements, supervision of man- 
power authorizations, and analysis of personnel 
utilization in medical support units. 

13. The development of budgetary require- 
ments, consolidation, and support of the Medical 
Service Budget, and development of the Air 
Force Medical Service cost control procedures. 

14. The development and support of legisla- 
ture needed to supplement or change existing 
Air Force Medical Service programs; and the 
establishment of the policy position of the Air 
Force Medical Service or, when requested, of the 
Air Staff on legislation of military medical im- 
port initiated outside of the Air Force Medical 
Service. 

15. The development, justification, review 
and approval of programs for the construction, 
modification, repair and rehabilitation of Air 
Force medical facilities. 

16. The development of definitive schematic 
drawings and details, functional programs, speci- 
fication data, and standards for installed equip- 
ment; the establishment of design criteria per- 
taming to the Air Force medical facilities; and 
reviews and approves the development of de- 
finitive plans, preliminary plans, final working 
drawings, as well as outline specifications and 
final specifications. 

17. The development, design and standardi- 
zation of items of medical equipment and sup- 
plies required by the Air Force; the deter- 
mination of requirements therefor; and the 
development of policies for the supervision of 
the storage, distribution, maintenance, and local 
purchase of Air Force medical supplies and 
equipment. 

18. The development and maintenance of a 
biometrics program for the collection, compi- 
lation, and analysis of medical statistical and 
clinical data required for day-to-day operation 
of the Medical Service, for the planning of its 
future needs and for its essential teaching and 
research activities. 

RESPONSIBILITIES OF THE 
SURGEON GENERAL 

The Surgeon General, USAF, as the head of 
the Air Force Medical Service, is the medical 
staff adviser to the Chief of Staff, USAF. He su- 
pervises the Air Force Medical Service, report- 
ing directly to the Chief of Staff. He represents 
the Air Force in pubUc and non-governmental 
activities where Air Force medical representa- 
tion is appropriate. Within his office are Special 
Assistants for Reserve Affairs, Public Relations, 
and Historical Activities and Technical Informa- 
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tion. The aecompanying chart shows how the 
Surgeon General fits into the Air Force organ- 
ization structure. 

Assistant for Dental Services 

The Assistaat for Dental Services is responsi- 
ble for formulating plans and policies relative 
to all Dental Services of the Air Force. His 
duties include; 

1. Developing dental plans, policies, ad- 
ministrative and technical procedures, and dental 
physical standards, 

2. Determining personnel and specialty re- 
quirements, personnel actions to insure equitable 
distribution, and training programs to insure 
career objectives. 

3. Analyzing dental reports to determine 
operational efficiency, proper utilization of per- 
sonnel, facilities and equipment, and capabilities 
of the Dental Service. 

4. Determining over-all dental facilities, sup- 
plies and equipment requirements; reviewing 
major command prosthetic capabilities and de- 
termining Air Force installation of chrome-cobalt 
dental laboratory equipment. 

5. Developing and monitoring programs for 
the prevention of dental diseases and supervising 
and coordinating Air Force dental research prog- 
ress and related activities. 
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6. Representing the Surgeon General in all 
Dental Service matters at interagency, inter- 
service, and other conferences at national and 
intermediate levels. 

Three Deputies function under the Assistant 
for Dental Services. These are the Deputy for 
Professional Standards and Manning Require- 
ments, Deputy for Preventive Dentistry and Re- 
searcli, and Deput>' for Facilities Requirements. 

Assistant for Veterinary Services 

The Assistant for Veterinary Services advises, 
assists, and represents the Surgeon General in all 
matters pertaining to the Veterinary Services 
and its functions within the Medical Service, 
USAF. His principal duties are: 

1. Formulating policies and directives on 
matters concerning the Veterinary Service, 

2. Supei-vising the technical administration of 
a complete food iaspection service which em- 
braces the sanitary inspection of food sources and 
food processing and servicing establishments. 

3. Furnishing professional consultant service 
and support to Air Force reseaxdl and develop- 
ment programs. 

4. Supervising a veterinary public health 
service with particular emphasis on prevention 
and control of zoonotic diseases. 
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5. Providing medical care of govermnent- 
owned animals. 

6. Assisting in the selection, education, and 
utilization of veterinary personnel. 

7. Programming and planning for the Veter- 
inary Service. 

8. Providing staff and professional guidance 
on veterinary supplies and equipment, construc- 
tion of food inspection faciHttes, and assisting 
in budget preparation. 

9. Advising on Veterinary Reserve activities, 

10. Providing technical assistance in that por- 
tion of the preventive medicine program con- 
cerning food service sanitation, and nutritional 
aspects of food processing, preservation and 
conservation. 

11. Maintaining liaison with the Departments 
of the Army and Navy, Marine Corps, govern- 
mental agencies and civilian organizations, in- 
cluding the Quartermaster Food and Container 
Institute for the Armed Forces. 

Two deputies function under the Assistant 
for Veterinary Services. These are Deputy As- 
sistant for Veterinary Services and Deputy for 
Professional Services. 

Director of Plans and Hospitalization 

The Director of Plans and Hospitalization 
initiates and develops plans, and advises on 
policies and requiremente for the Air Force 
Medical program. Duties of the Directors office 
include: 

1. Planning, coordiiiating, afid supervising 
the establishment, administration, operation, util- 
ization and maintenance of Air Force medical 
treatment facilities. 

2. Formulating plans and policies for the 
organization and operation of the USAF aero- 
medical evacuation systems. 



3. Planning and coordinating requirements 
for medical materiel. 

4. Developing techniques and effecting the 
collection, evaluation, and analysis of technical 
factual data regarding health, morbidity, hospi- 
tal census, personnel utilization, and program 
requirements of Air Force medical installations. 

5. Receiving, processing, and evaluatittg in- 
dividual medical case reports, statistical health 
reports, and editing, correcting, and consolidat- 
ing all medical records and reports. 

6. Planning, programming and coordinating 
medical unit organization, training, and deploy- 
ment throughout the Air Force. 

7. Assisting in the development and defense 
before the appropriate authority of Air Force 
budget estimates for the operation of the medical 
program. 

8. Developing, reviewing and coordinating 
Worldwide programs for the construction of Air 
Force medical facilities. 

9. Planning and coordinating Medical Sei-v- 
ice manpower requirements. Speciahzed divi- 
sions under jurisdiction of the Director of Plans 
and Hospitalization include Plans and Operations 
Division; Materiel Division; Financial Programs 
Division; Biometrics Division; and Facilities Di- 
vision. 

Materiel Division 

The Materiel Division is responsible for: 

1. Establishing policies and procedures for 
the storage, distribution, issue, maintenance and 
local purchase of Air Force medical supplies 
and equipment, 

2. Determining and making reccromendations 
on allowances of supplies and equipmeat for 
medical units. 
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3. Developing and coordinating peacetime 
and wartime requirements for medical materiel 
in support of USAF medical service operating 
and budget programs; providing required data 
to the Single Manager for Medical Materiel. 

4. Supervising the management and opera- 
tion of the Medical-Dental Division, Air Force 
StBck Fund. 

5. Directing in collaboration with the Aimy 
and Navy, development, standardization and 
item classification of medical materiel through 
the Armed Services Medical Materiel Coordina- 
tion Committee. 

6. Maintaining liaison with the Single Man- 
ager for Medical Materiel in wartime planning 
and wholesale procurement, storage and distri- 
bution of medical materiel. 

This Division consists of three branclies: 
Equipping Authoiizatioii and Materiel Review; 
Materiel Management and Procedures; and 
Programs. 

Financial Programs Division 

The Financial Programs Division is responsible 

for: 

1. Developing, consolidating, and reviewing 
the Medical Service Budget, and financial plans. 

2. Analyzing, interpreting and evaluating 
medical accounting data; recommending changes 
to medical accounting systems. 

3. Providing technical guidance to the Sur- 
geon General on financial policies and systems. 



4. Reviewing and evaluating budgetary and 
financial aspects of medical service programs; 
correlating program accomplishments with 
planned programs; and, initiating action for re- 
statement of basic and operating program doc- 
uments. 

5. Presenting budgetary programs, estimates 
and financial plans to reviewing agencies. 

6. Maintaining liaison with staif elements" of 
the Comptroller of the Air Force on financial 
affairs relative to Medical Service. 

This division consists of two branches: Analy- 
sis; and Programs. 

Plans and Operations Division 

The Plans and Operations Division is responsi- 
ble for: 

1. Initiating, developing and monitoring 
plans and policies relative to: Medical Units 
and Missions (active and reserve); Unit Train- 
ing; Manpower; Manning Standards and Staff- 
iftg Griteriai Organizatton- Passive Defense; 
Medical Legislation; and Aeromedical Evacu- 
ation. 

2. Initiating and monitoring policies, proce- 
dures and directives for the general administra- 
tion and utilization of Air Force medical treat- 
ment facilities including supervision of the 
methods and systems improvement program. 

3. Supervising the Medical Service Program- 
ming System. Developing the following Medical 
Service Support Programs; Inpatient workload; 
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Outpatient workload; Medical Units; and Man- 
power Spaces and Man-year Estimates, 

4. Developing and monitoring medical sec- 
tions of long range, mid-range, and short-range 
USAF war plans, disaster control activities, and 
medical aspects of all other documented plans. 
Developing Medical Program Guidance, medical 
AF Reserve requirements, and medical portions 
of USAF program documents. 

5. Drafting medical legislative proposals, co- 
ordfaatfog and presenting the air staff position 
or tiie Surgeon General's views on proposed 
legislation suxyplementing or changing Air Force 
Medical Service programs. 

6. Providing technical supervision over Medi- 
cal Food Service. 

This division is comprised of four branches: 
Plans, Operations, Manpower, and Hospitals 
Management. 

Biometrics Divisfon 

Responsibilities of the Biometrics Division are: 

1. Developing and directing the medical rec- 
ords and reporting system of the Air Force. 

2. Developing and directing program for 
collection and analysis of medical statistical data 
and providing health information by means of 
recurrent reports and statistical analysis. 

3. Providing technical support for the medi- 
cal services in statistical theory, classification of 
diseases, and methodology. 

4. Representing the Air Force in interde- 
partmental standardization of medical records, 
reports and procedures. 

This division consists of twQ branches: Rec- 
ords and Reporting; and Biostatistical Analysis. 

Facilities Division 

Responsibilities of the Facilities Division are: 

1. Developing, reviewing, coordinating and 
monitoring worldwide programs for the con- 
struction of new medical facilities and for major 
repair, modification and rehabilitation of existing 
facilities. 

2. Maintaining factual data about the phys- 
ical status and availabiUty of all medical facil- 
ities, worldwide. 

3. Defentog flie medical rdhabijitetion and 
modification progrpa and ^sisting in the de- 
fense of tibe Military Construction ProgEara 
before the Air Staff, OSD, BOB and the 
Congress. 

4. Develops basic planniag criteria and func- 
tional layouts for new USAF medical facilities 
programmed for construction. Basic criteria is 
developed in the form of Definitive and Sche- 
matic Architectural Drawings. 



5. Develops functional, gross and net area 
programs for USAF medical facilities, 

6. Developing and maintaining neccssaiy 
schedules of installed equipment for all types 
of medical facilities in conjunction witii Army 
and Navy. 

7. Monitors all phases of the development of 
design for medical facilities through active par- 
ticipation in considerations of scope, siting, de- 
sign, functional planning, materiels, equipment, 
and the review and approval of preliminary 
plans, working drawings and specifications. 

8. Monitoring and directing Medical Con- 
struction Liaison Officers in the accomplishment 
of their assigned duties in the field. 

The Facilities Division consists of two 
branches: Programs, and Standards. 

DIRECTOR OF MEDICAL STAFFING 
AND EDUCATION 

The Director of Medical Staffing and Educa- 
tion advises and assists the Surgeon General on 
all matters involving personnel admittistration; 
plans and formulates Air Force wide medical 
personnel policies, programs and methods; ap- 
praises for the Surgeon General the effectiveness 
and economy of the medical service personnel 
program; directs the internal administration man- 
agement affairs of the Directorate; and repre- 
sents the Surgeon General in outside contacts on 
all matters relating to personnel administration. 
Under his jurisdiction are the following divisions: 
Medical Career and Staff Control; Medical Edu- 
cation; Medical Liaison and Selection. Specific 
responsibilities of the Office of the Director 
are: 

1. Establishing the professional and techni- 
cal qualifications, and monitoring the selection, 
classification, utilization, and separation of all 
medical personnel to insure their most efflcieiit 
employment as well as their professional and 
technical advancement. 

2. Supervising the development and admin- 
istration of a coordinated program of graduate 
and postgraduate education and in-service 
training; advising the Surgeon General on the 
technical and professional aspects of these ac- 
tivities; developing and implementing policies 
and plans for medical training devices and publi- 
cations; and monitoring estabfished medical 
training programs ranging from aitfiaen techni- 
cal medical training to advanced professional 
training in civrfian institutions. 

3. Advising on the formulation of policies 
regarding the special interests and activities of 
the Medical Corps, Air Force Nurse Corps, 
Medical Service Corps and Medical Specialist 
Corps. 
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4. Representing the Surgeon General in mat- 
ters pertaining to joint selection, education and 
utilization of medical personnel of the Armed 
Forces and other federal agencies. 

5. Maintaining liaison with civilian medical 
specialty certification groups. 

6. Advising the Surgeon General in matters 
pertaining to medical education and professional 
advancement of personnel of USAF medical 
services. 

The Medical Support Group acts as advisor 
to the Surgeon General in matters of special 
interest to and in the activities of their respective 
corps. This group functions organizationally 
under the Director of Medical Staffing and 
Education for administration and routine staff 
activities. 

Medical Career and Staff Control Division 

Responsibilities of the Medical Career and 
Staff Control Division are: 

1. Monitoring utilization and distribution of 
Medical Service OfiBcers. 

2. Initiating action to assign and reassign 
Medical Service Officers, 

3. Establishing policiies on aeromedical desig- 
nations, flying status, promotions and separa- 
tions of oiBcers of the Medical Service. 

4. Providing personnel services to support 
the Clinical Consultant program. 

5. Maintaining career records and developing 
care^ plans and policies for USAF Medical 
Service personnel. 



6. Maintaining locator of all USAF Medical 
Service officers. 

This division consists of five branches: Medical 
Corps; Dental Corps; Nurse and Medical Spe- 
cialists Corps; Medical Service and Veterinary 
Corps; and Personnel Status. 

Medical Education Division 

The Medical Education Division's responsi- 
bilities are: 

1. Developing and implementing policies and 
plans for the professional and sub-professional 
training of all personnel of the USAF Medical 
Service. 

2. Developing and implementing poUcies 
and plans for medical training devices and med- 
ical training publications. 

3. Monitoring esteblished medical training 

programs. 

4. Monitoring the AFSC structure and policy 
matters for the Medical and Dental Airmen 

career fields. 

Although the Division is not organized into 
separate and distinct branches, the following 
functional delineation is observed: OflBcer Train- 
ing (Undergraduate and Intern Training, Grad- 
uate and Residency Training, and Continuation 
Studies); Airman Training; and Educational 
Material and Methods. 

Medical Liaison and Selection Division 

Responsibilities of the Medical Liaison and 
Selection Division are: 
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1. Developing and implementing plans and 
policies for the procurement o£ officers of the 
USAF Medical Service (Regular and Reserve). 

2. Special commissioning program. 

This division has two branches: Procurement; 
and Appointment and Special Programs. 



DIRECTOR Of PROFESSIONAL SERVICES 

The Director of Professional Services recom- 
mends policies and supervises the practice of 
medicine and related activities in the Air Force 
for the Surgeon General. Specific responsibili- 
ties of the Office of the Director of Professional 
Services include: 

1. Developing and supervising a program 
stressing the importance of meticulous screening, 
selection and classification of flying personnel; 
the maintenance of their health, safety and 
efficiency; the effects of flight on the human 
organism; and the human requirements and 
limitations in the design of aircraft. 

2. Recommending policies and coordinating 
and facilitating requirements for the Air Force 
program of research in the medical, aeromedical, 
and allied physical, biological, and social 
sciences. 

3. Formulating and supervising implemen- 
tation of policies relating to the professional care 



of the sick and injured in Air Force medical fa- 
cilities. 

4. Developing and monitoring a program of 
preventive medicine throughout the Air Force 
in order to assure maintenance of the health of 
all personnel. 

5. Maintaining liaison with federal and 
civilian agencies that are cognizant or con- 
cerned with similar fields of activity. 

6. Planning, directing, and supervising the 
activities of the Divisions of Aerospace Medi- 
cine, Physical Standards, Preventive Medicine, 
Consultants Division, and the Medical Research 
Ad\dsor. 

Aerospace Medicine Division 

Responsibilities of tbe " Aerospace Medicine 
Division are; 

1. Planning and directing programs in air- 
crew effectiveness and physiological training for 
aircrew persramel. - 

2. Developing policies for and providing the 
medical, technical and administrative supei-vision 
for the Air Force Physiological Training Program. 

3. Coordinating and recommending research 
projects in aviation medicine and space medicine, 

4. Providing representation and technical 
liaison to committees and research activities con- 
cerned with bio-astronautics. 

5. Furnishing consultant service in aviation 
and space medicine to field activities, 
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Consultants Division 

The Consultants Division is responsible for: 

1. Evaluating, planning, and administering 
programs concerned with tlie professional aspects 
of prophylaxis, diagnosis and treatment of the 
sk% saM inpnetl 

2. Recommending the utilization and assign- 
ment of highly specialized medical personnel 
asfd coBsiiltants. - r- . • 

The speciahzed functions of this Group are 
concerned with matters of: Internal Medicine; 
General Surgery; Orthopedic Surgerv-; Obstetrics 
and Gynecology; Anesthesiology; Psyjclua^; Pa- 
thology; Radiolog)'. 

f^MWiriive MMficine Divisien 

AiBas of responsibiht\' of the Pteventive 
Medicine Division are: Communicable disease, 
medical aspect o[ accident prevention, health 
education, environmental hygiene and sanita- 
tion, occupational medicine and special weap- 
ons defense. 

Specifically, tlie division is charged with : 

L Developing programs designed to pre- 
serve and ime^Btove h^th by the interception, 
investigati<Hi, lemoval or control of all factors 



which may advarsely afiect individual well 

being. 

2. Representing the Surgeon General on var- 
ious Armed Forces and civilian commissions fot 
research in the field of preventable illness. 

3. Maintaining liaison with other health 
agencies through specially quaMed and desig- 
nated officers. 

Miysical Standards Division 

The Physical Standards Division is responsible 
for plaiming, directing and supervising thrre 
branches important to the over-all mission of 
the Air Force. These branches arc: Induction, 
Appointment and Physical Fitness; Aircrew 
Staotdaitls; IH^position and Retirement. 

Tlie fimction of these branches is formulating 
the physical standards for admission, for flying, 
aud for continuance in the smtfisse of a]l Air 
Force personnel. 

Medical Research Advisor 

The Medical Research Advisor is responsible 
for: 

1. Detennining, evaluating, and reviewing 
medical research requirements. 

2. Formulating, coordinating and monitoring 
medical research actixities. 



Referentes 

Header dtemU mmtv CMriMqr »f Ssted retereaus. 

AFR 20-52 Unit Manning Dociunent System 

AFR 26-1 Manpower and Organization Activities 

AFR 26-3 Manpower Allocation FrocediUTCS 

AFR 160-89 Preventive Medicine Program 

AFR 160-8 Veterinary Service, USAF 

AFR 160-105 Management of Base Medical Resources 

AFM 26-1 Manpower — Policy and Criteria 

AFM 35-1 Airman Classification Manual (Volumes I & II) 

AFM 36-1 Officer Classification Manual 

AFM 160-13 Dental Administrative and Technical Procedines 
AFM 160-20 Medical Treatment Facilities 
AFM 160-22 A Guide to Medical Unit Training 
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Organiiatian of the USAF 
Medical Service 



Air Force Field Organization 

To carry out the mission of the United States 
Air Force, the Air Force Chief of Staff has fifteen 
major Air Commands and two separate operat- 
ifig agencies. Four of the major Air Commands 
are orggjiized and equipped to provide; (1) 
strategic combat forces; (2) tactical combat 
forces, (3) logistic support, and (4) air trans- 
port. These commands operate both inside and 
outside the continental limits of the United 
States; four commands are organized tp carry 
out Air Force missions in specified areas outside 
the United States; and seven commands are or- 
ganized to provide for (1) the air defense of 
the United States, (2) commutfications intelH- 
gence and security, (3) research and develop- 
ment, and testing of Air Force equipment, (4) 
technical and crew training, (5) eduQation, (6) 
Reserve Forces procurement and training, and 
(7) support functions for Department of the 
Air Force personnel in the District of Columbia 
area. All of these commands are located and 
operated within the United States. 

The separate operating agencies are the Air 
Force Academy, which trains Air Force officers, 
and the Air Force Finance Division, which per- 
forms centralized accounting and finance func- 
tions for the Air Force and provides technical 
supervision and guidance to the Air Force ac- 
counting and finance network. Each major air 
command and separate operating agency plays 
an important part in the overall mission of the 
United States Air Force. The medical support 
requirements of each are affected by its type 
and scope of operations. The major air com- 
mancb with a brief statement of their function, 
and any pecuhar medical support problems are 



listed below. Additional information on the or- 
ganization and functions of individual com- 
mands can be found in pertinent AFR's. 

1. Strategic air command (see AFR 23-12) 

The Strategic Air Command ( SAG ) has head- 
quarters at Offutt Air Force Base, Nebraska, 
It is composed of the Second, Eighth, Fifteenth, 
and Sixteenth Air Forces, several numbered 
divisions, and the First Missile Division. Its pri- 
mary mission is the conduct of strategic air war- 
fare. It conducts strategic reconnaissance and 
transports strategic cargo. 

It will be clearly seen that aeromedical prob- 
lems in support of such operations are tremen- 
dous. Of these, the Aircrew Effectiveness Pro- 
gram is presently the most important, for it is 
only by maintaining crews at the highest degree 
of effectiveness that this command will be able 
to carry out its mission with little or no warning. 
Because of the scope of its operations and re- 
sultant length of flights, fatigue presents a sig- 
nificant medical problem. Since it might be 
necessary to operate from any part of the world, 
the mobility of the medical unit must always 
have highest priority. The introduction of oper- 
ational sitrafegie missiles also presents many med- 
ical iffoblems. 

2. Tactical Am command (see AFR 23-10) 
The Tactical Air Command (TAC), with 

headquarters at Langley Air Force Base, is com- 
posed of the Ninth, Twelfth, and Nineteenth Air 
Forces. It organizes and trains units for combat 
service with overseas commands. It carries out 
combined operations with the Army and the 
Navy in providing group support and support 
of amphibious operations. It is engaged in fre- 
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quent exercises in which it provides tactical 
bombardment, tactical fighter, troop carrier, tac- 
tical missiles and tactical reconnaissance support 
or operations. Such cxerci.ses, real or simulated 
are carried out by means of Composite Air Strike 
Forces which are organized, trained, and 
equipped for quick deployment to any part of 
the world. 

Taetical Air Command Aeromedieal problems 
indiide aircrew effectiveness, aeromedieal evacu- 
ation and medical problems encountered in 
tactical operations at forward bases. 

3. AlH FOHCK LOGISTICS COMMAND ( SEE AFR 

23-2) 

Located at Wright-Patterson Air Force Base is 
the headquarters for one of the largest opera- 
tions of the United States Air Force — the Air 
Force Logistics Command ( AFLC ) . It is organ- 
ized to provide systems of materiel procurement, 
production, maintenance and supply for the 
United States Air Force, and for other agencies 
to the extent required, world-wide. It dis- 
charges its functions chiefly through regional 
Air Materiel Areas, Air Force Depots and region- 
al Air Materiel Forces outside the United States 
and has an Air Materiel Force for the European 
Area and one for the Pacific Area. In the United 
States, it has nine Air Materiel Areas, two de- 
pots, and two Air Materiel Forces. 

The Medical Sei-vfce must provide base medi- 
cal support and maintain the industrial medical 
capability, as well as the toxieological and in- 
dustrial hygiene consultation service for these 
organizations. In addition, in accordance with 
AFR's 160-20 and 160-17, it provides an AF- 
wide consultation service in industrial medicine 
and toxicology, sanitary and industrial hygiene 
engineering and forensic medicine (excluding 
fatal aircraft accident investigation which is the 
responsibility of the Armed Forces Institute of 
Pathology). Specialized analytical chemical lab- 
oratory support is vital to the above program, 
and AFLC has established Environmental 
Health Laboratories at Kelly and McClellan Air 
Force Bases which provide Air Force-wide cov- 
erage on a geographical basis. 

4. MiLITABY Am TBANSPORT SERVICE ( SEE AFR 

23-17) 

Military Air Transport Service, with head- 
quarters at Scott Air Force Base, Illinois, is the 
single manager operating agency for airlift serv- 
ice for the Department of Defense. It is respon- 
sible for the intercontinental aeromedieal evacu- 
ation program. Transport operations are broken 
down into subordinate commands - the Eastern 
Air Transport Air Force and the Western Air 
Transport Air Force. MATS also provides the 



Airways and Air Communications Service 
(AACS); the Air Weather Service (AWS); the 
Air Rescue Service (ARS); the operation of 
national interest bases; the operation of aerial 
ports of embarkation and debarkation. 

With this vast network of international opera- 
tions, it can be seen that the medical problems 
of the Military Air Transport Service include 
nearly every type of problem in aviation medi- 
cine. Not only must the Medical Service provide 
support of the bases, but it must also be aware 
of the medical aspects of rescue and sui"V'ival; 
the medical health problems concerning the 
monitoring of international travel; and aeromed- 
ieal evacuation. 

5. Alaskan air command 

The Alaskan Air Command provides for the 
air defense of Alaska and the northwest Arctic 
air approaches to the United States, ( in conjunc- 
tion with ballistic missile early warning system 
— BMEWS), provides early warning to the 
United States and Canada, supports offensive 
operations that might be taken through Alaska, 
and provides support for units of other Air Force 
Commands and Units of other branches of 
United States Military Service in the area. 

6. Caribbean air command (see AFR 23-16) 
The Caribbean Air Command (CAirC) lends 

assistance to Latin American Forces through a 
system of Air Missions; conducts a USAF School 
for Latin America, and provides logistic support 
withiii Latin America for air attaches and USAF 
missions. 

7. Pacific Am forces ( see AFR 23-27) 
Pacific Air Forces (PACAF), as the Air Force 

component of the joint forces Pacific Command 
(PACOM) is organized to perform defensive 
and offensive air missions, provide logistical sup- 
port for widely scattered Air Force bases and 
Control Air Force operations in the Pacific and 
Far East Areas except operations conducted by 
Strategic Air Command and Military Air Trans- 
port Service. 

8. United states Am forces in eueope (see 

AFR 23-20) 

The United States Air Forces in Europe 
(USAFE) has jurisdiction and operational con- 
trol of Air Force Operations (except SAC, 
AMC, and MATS operations) in all continental 
Europe and adjacent areas, except Spain, in co- 
ordination with allied military and civilian 
agencies. It provides or arranges for off-base ad- 
ministrative and logistical support for all Air 
Force units in its area of responsibility. 

9. Air defense command ( see AFR 23-9 ) 

The Air Defense Command is responsible for 
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the air defense of the Continental United States. 
Joint operations with Canada are also a part of 
the system. Indaded as essentfial nnits are fighter 
interceptors, guided ground-to-air mi.ssiles, air- 
borne early warning and control aircraft, SAGE, 
DEW, BMEWS, and AC&W units. 

Headquarters of the Air Defense Command 
is located at Eiit Air Force Base, Colorado. Sub- 
ordinate elements of the Air Defense Command 
are Eastern Air Defense Force, Central Air De- 
fense Force, Western Air Defense Force, 64th 
Air Division (Def) in Newfoundland, 73rd Air 
Division ( Weapons ) at Tyndall Air Force Base, 
4620th Air Defense Wing (SAGE), 4601st Sup- 
port Group (DEW), and other support units. 

Aeromedical problems are concerned with 
aircrew effectiveness in the interceptor crews, 
medical support to many isolated radar sites, 
and all the usual problems concerned with avia- 
tion medicine. A recent area of interest is con- 
cerned with medical problems of nuclear 
weapons in air defense. 

10. AtR FORCE SECURITY SEHVICE 

USAF Security Service, located at Kelly Air 
Force Base is organized to carry out a 
communications-electronics intelligence mission, 
as well as to perform communications security 
services, which includes the storage, distribu- 
tion, accounting, and maintenance of cryptogra- 
phic equipment. 

The medical support for this service is furn- 
ished by other commands. 

11. Air force systems commanh (see AFR 
23-8) 

Air Force Systems Command (AFSC), was 
created to provide the Air Force with one au- 
thorit\' responsible for the coordination and 
operation of the Air Force research and develop- 
ment programs. Headquarters is located at An- 
drews Air Force Base, Maryland, 

Several research centers are directly respon- 
sible to this command — the Arnold Engineering 
Development Center in Tennessee, where su- 
personic and liigh-altitude aerodynamics and 
propulsion problems are studied; the Air Force 
Missile Test Center, Patrick AFB, Calif., where 
long-range missiles are tested; the Electronic 
Systems Division, Hanscomb Field, Mass., 
where basic electronic and associated problems 
concerned with air development are investi- 
gated; the Air Force Flight Test Center at 
Edwards AFB in California; the Air Force Mis- 
sile Development Center at Holloman AFB, 
New Mexico; the Air Force Special Weapons 
Center, Kirtland AFB, New Mexico; the Aero- 
nautical Systems Division, Wright-Patterson 
AFB, Ohio, where aircraft and equipment are 



tested; and the Air Force Ballistic and Space 
Systems Division, Inglewood, Calif., with pri- 
mary responsibility for developing the Air Force 
ballistic system. 

In addition to the above, AFSC determines 
the operational suitability of aircraft and equip- 
ment at its Air Proving Ground Center located 
at Eglin AFB, Florida. A striking feature of Eglin 
AFB is the climatic hangar where all conditions 
of weather can be simulated to determine the 
efFects of atmospheric conditions on the structure 
and operation of aircraft while on the ground. 

All of these centers must have the usual med- 
ical support. In addition, medical aspects of 
flying rf-ceive their most thorough investigation 
through die many and varied medical j-esearch 
projects conducted under the guidance and su- 
pervision of the Human Factors Directorate of 
the Air Force Systems Command. 

12. Air training command (see AFR 23-6) 

Air Training Command (ATC) is responsible 
for procurement (witli certain exceptions) of 
Air Force military personnel, basic military train- 
ing, technical training, crew training, and flying 
training. Headquarters is located at Randolph 
Air Force Base, Texas. Its mission includes aero- 
medical indoctrination, medical problems of the 
selection and processing of new members of the 
Air Force, and the medical support of large bases 
where training takes place. The USAF Aero- 
space Medical Center, with headquarters at 
Brooks AFB, Texas, is part of the Air Training 
Command, 

13. Am UNIVERSITY ( SEE AFB 23-3 ) 

The Air University (AU) is located, for the 
greater part, at Maxwell Air Force Base, Ala- 
bama, and is concerned primarily with the com- 
mand, technical, and special education of Air 
Force officers. It is responsible for the super- 
vision and operation of the Air War College, Air 
Command and Staff School, the Air Force In- 
stitute of Technology, the Besearcli Studies 
Institute, the Extension Courses Institute, and 
the Air University Library. 

14. Continental air cojiMAND ( see AFR 23-1 ) 

The Continental Air Command (ConAC) is 
coinposed of the Fourth, Tenth, and Fourteenth 
Air Forces and is responsible for the procure- 
ment, training, utilization, admiiustration and 
organization of Air Force reserve personnel un- 
til they are ordered to active duty, the super- 
vision and inspection of the Air National Guard, 
provision of air transport for Army Area Head- 
quarters, and the implementation, supervision, 
and administration of a National Search and 
Rescue Plan for the Continental United States. 
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The medical personnel in the command supply 
the medical support of the Continental Air Com- 
mand Bases and administer the Medical Reserve 
Program. 

15. Headquabters command ( SEE AFR 23-7 ) 

Headquarters Command is located at Boiling 
Air Force Base, District of Columhia. This com- 
mand provides the administrative and house- 
keeping operations for l3ie Air Force in the 
Washington Metropolitan area. In addition, it 
provides administration for speciial activities and 
Headquarters USAF Field Extensions located 
throughout the world. 

Medical support is provided for military per- 
sonnel assigned or attached to Air Force units 
within the Washington Metropolitan area and 
for those personnel residing in the area and 
specified in joint agreements covering military 
service in the Military District of Washington. 

Organization Principles and Policies 

The Department of the Air Force recognizes 
the need for inta'eased standardization among 
its operating units provided such a control sys- 
tem will also permit the commands greater 
operational flexibility. Each command has the 
opportunity of effecting structural adjustments 
which may be required to cope with the peculi- 
arities of their missions and units. 

The organizational objectives of the Depart- 
ment of the Air Force are to establish and 
maintain an Air Force organization which will: 

1. Effectively and cfBciently discharge the 
mission of the Air ForceL 

2. Be capable of immediate and extensive ex- 
pansion to meet, without major reorganization, 
the requirements of a national emergency. 

3. Provide a basis for increased efficiency in 
all Air Force operations and activities through 
the effective and economical use of allocated 
resources to insure that the maximum combat 
force is available within the limits of available 
manpower resources. 

4. Facilitate the development of uniform and 
simplified administrative doctrine, methods and 
procedures. 

There are several general principles of organi- 
zation which are especially applicable to the 
development of sound military organization and 
will be applied whenever possible in organizing 
and reorganizing Air Force units. These princi- 
ples briefly stated are as follows : 

1. The principle of unity of command, which 
denotes that ultimate control of all action toward 
determined objectives of the organization be 
vested in one individual at each organizational 
level of control. 



2. The principle of span of control, which 
signifies that there is a limit to the number of 
key subordinates within the organization (3 to 
7) that a supervisor can effectively control. 

3. The principle of homogeneous assignment, 
which implies that all functions required to ac- 
complish the mission of the organization be 
homogeneously grouped and that all individuals 
be respectively assigned to these groupings in 
accordance with their abilities and capabilities, 

4. The principle of delegation of authority, 
which, implies that authority delegated to a sub- 
ordinate should be commensurate with his as- 
signed organizational responsibilities. 

Organizational Elements 

The appropriate structure for any Air Force 
organization is dependent upon a number of 
variables including among others, mission, size, 
structure required for wartime operations, and 
geographical considerations. Whenever applica- 
ble, the following terminology is used in desig- 
nating the normal echelons of command. 

1. Flight — a small Air Force organizational 
entity which may exist or function as a sub- 
division of a squadron. It may be a separately 
organized technical unit with its own mission 
and authorization. However, it is not an ad- 
ministrative unit nor is it self-supporting. Sep- 
arately organized flights are normally attached 
to other Air Force units for administration and 
logistic support. 

2. Squadron — a formally designated unit of 
record established at the lowest echelon for 
command and administrative purposes. It may 
be composed of two or more flights, 

3. Group — normally composed of two or 
more squadrons, generally of similar type air- 
craft, or of support squadrons with related 
fimctions, 

4. Wing — generally composed of two or more 
groups and has all required components within 
itself and is capable of independent operation. 

5. Division — normally composed of two or 
more combat wings with similar missions and 
appropriate technical and service units. In tiie 
Air Defense Command, however, the air division 
operates directly over squadrons. 

6. Air Force — normally composed of two or 
more divisions, 

7. Air Command — In the continental United 
States are organized on a functional basis and 
may or may not consist of Air Forces depending 
upon their mission assignments. Overseas major 
air commands normally consist of two or more 
Air Forces. 
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Weapon System 

A weapon system is composed of equipmentj 
skills and techniques, the composite of which 
forms an instrument of combat, usually, but not 
necessarily, having an air vehicle as its major 
operational element. The complete weapon sys- 
tem includes all related equipment, materials, 
services, and personnel required solely for the 
operation of the air vehicle or other major ele- 
ment of the system, so that the instrument of 
combat becomes a self-sufficient unit of striking 
power in its intended operational environment. 
The organization normally designated to direct 
the employment of air power is the combat wing. 

a. Combat Squadron — The basic desig- 
nated unit of record in the Air Force is the 
Squadron. The combat squadron is organized 
and equipped in a manner to achieve the most 
effective tactical employment of tlic aircraft, as 
determined by the respective commands and 
Headquarters USAF. To insure that both com- 
bat and supporting squadrons are capable of 
coordinated effort, an echelon of command is 
required for control. 

b. Combat Wing — The composition of a 
combat wing is governed by the type and 
number of squadrons required to achieve a pre- 
determined combat potential together with the 
assembly of field maintenance, major supply, 
communications, and other extensive facilities 
and elements required to augment the support 
normally inherent in the combat squadrons and 
to effectively operate a typical installation. 
Wings are organized in a manner that will en- 
able them to maintain operational mobility, 
emergency readiness and the capability of re- 
assignment between and employment by the 
respective commands. Command and staff eche- 
lons normally will not be established between 
the wing and the combat squadrons, 

c. Combat Group — Combat Groups are 
established only after it has been determined 
that peculiarities of the wing's mission, character- 
istics of employment and location, or the assign- 
ment of additional combat squadrons, requires 
an element of control apart from the wing's 
staff. Normally, a combat group is designed to 
include integrated direct and base support ele- 
ments to permit operations from individual 
bases. 

Medical units organized for the purpose of 
providing direct medical support to combat 
wings are normally an integral part of the 
wing organization and the weapon system. 

Support System 

A support system is a composite of equip- 
ment, skills, and techniques which, while not an 



instrument of combat, is capable of performing 
a clearly defined function in support of an Air 
Force mission. Medical imits organized for the 
purpose of supporting the Air Force as a whole 
such as USAF Hospital units. Epidemiological 
units, etc., are a part of the Air Force supporting 
system. 

Medical Service Policy 

To maintain the highest degree of combat 
readiness and effectiveness of the Air Force, the 
USAF Medical Service will: 

a. Provide the USAF combat forces wher- 
ever they are located, medical support imits 
and systems to be responsive immediately to 
combat situations. Medical support systems may 
include : 

( 1 ) Combat Support 

( 2 ) Combat area support 

( 3 ) Aeromedical evacuation 

b. Furnish complete on-base medical care 
to all personnel entitled to treatment, including 
family members, insofar as practicable. 

c. Operate USAF hospitals with designated 
specialized treatment beds at certain locations. 

The organizational structure of the Air Force 
Medical Service at subordinate command levels 
and at operating unit levels is quite flexible. 
This flexibility is essential and cannot be avoided 
if the special requirements of the different mis- 
sions of Air Force units are to be statisfied. 

THE MAJOR AIR COMMAND SURGEON 

The Major Air Command Surgeon acts as 
the chief advisor to the Commander on all Air 
Force medical matters within the command. He 
relies upon tlie surgeons of subordinate com- 
mands and subordinate elements thereto. 

The Major Air Command Surgeon is responsi- 
ble for the directing, planning, and implementing 
of the Command Hospitalization System; the 
Preventive Medicine Program; the Aerospace 
Medicine Program; Intra-area Aeromedical 
Evacuation system and casualty staging ficili- 
ties; and Medical Unit and Personnel Training 
Program. He exercises general supervision of 
the Medical Materiel Program, Dental Service, 
and Veterinary Service. 

The Major Air Command Surgeon also exer- 
cises operational control over all medical units 
not assigned or attached to subordinate com- 
mands and the intra-area aeromedical evacuation 
system. 

The compilation and preparation of reports on 
morbidity records, medical statistics, and aero- 
medical evacuee movements are supervised by 
the Major Air Command Surgeon. 

He directs the Medical Intelhgence Program, 
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including such functions as intelligence examina- 
tion o£ captured medical supplies; processing of 
captured medical supplies; and evaluation and 
dissemination of information concerning enemy 
medical supplies, in coordination witli the Com- 
mand Intelligence Officer. 

It is also the responsibility of the Major Air 
Command Surgeon to provide required medical 
support to SAC units and personnel operating in 
and through his command. 

The Major Air Command Surgeon's Office 

The Major Air Command Surgeon's Office 
varies with the mission assigned. 

The composition of the staff is somewhat simi- 
lar to that of the Surgeon General's Office. 
Divisions at major command level are principally 
professional and administrative. 

Health is maintained liy the operation of a 
preventive medical program; the review of vari- 
ous records and reports pertaining to physical 
examinations for flying, aircrew effectiveness re- 
ports, statistical reports, dental reports, and 
reports of disposition boards; and the supervision 
of the dental, veterinary, and nursing services. 

An efficient medical service is provided by 
formulating plans and requirements for supplies 
and equipment and making inspections and 
Surveys to include all professional and adminis- 
trative activities within the command. 

A staffing and education division is concerned 
with the training, assignment, transfer and re- 
placement of all Medical Service personnel. This 
staff also reviews recommendations for promo- 
tion of officers. A division or section organizes 
and supervises the aircrew effectiveness program. 

The Strategic Air Command Surgeon 
(in an overseas area) 

The Surgeon of the numbered Strategic Air 
Command operating overseas determines re- 
quirements for medical support which are not 
within SAC capabilities in the area. He co- 
ordinates these requirements for additional sup- 
port with the Commander of the major air com- 
mand to provide SAC units and personnel with 
certain medical and logistical support. 

The Numbered Air Force Surgeon 

The Numbered Air Force Surgeon is responsi- 
ble for staff coordination and the technical super- 
vision of all Medical Service activities and 
functions within the numbered air force to 
ensure maximum conservation of manpower, 
and maximum utilization of medical resources. 

He provides for the coordination and technical 
staff supervision of all Medical Service units 
and activities with respect to their requirements, 
utilization, operation, and administration. He 



develo^JS policy and procedures with respect to 
the issue and utilization of medical supplies and 
equipment. He coordinates, controls, and super- 
vises the aeromedical evacuation of the sick 
and injiu-ed of the numbered air force to the 
appropriate medical treatment facility in the 
next echelon for hospitalization or disposition. 

The Numbered Air Force Surgeon is responsi- 
ble for the processing and reviewing the records 
of the sick and wounded; medical statistit^ 
reports; clinical histories of cases returned to 
duty, transferred, treated, or otherwise disposed 
of by assigned medical facilities. He develops 
and furnishes data, pertaining to incidence of 
disease and injury, which will affect require- 
ments and plans for utilization of Medical Serv- 
ice personnel and units. 

The Wing Surgeon 

The Wing Surgera supervises all medical 
activities within the Wing and is directly re- 
sponsible to the ^Ving Commander for all mat- 
ters pertaining to command and administration 
of the medical unit. He is responsible to the Air 
Division or Numbered Air Force Command 
Surgeon for technical medical matters. Medical 
materiel and deployment or dispersal plans in 
support of wing operations are prepared and 
implemented by the Wing Surgeon. The Wing 
Surgeon may also be designated as the Base 
Surgeon. 

Director of Base Medical Services 

The senior Air Force physician present for 

duty with the base medical treatment unit hav- 
ing responsibility for the operation of the base 
hospital or dispensary facility will be the Direc- 
tor of Base Medical Services and, as such, will 
represent the Medical Service On the staff of the 
base or installation commander. 

The Director of Base Medical Services super- 
vises and directs utflizatiqn of base medical re- 
sources and recommends to the base or installa- 
tion commander the scope of medical services to 
be furnished. He is responsible for proper 
programming and budgeting for the resoturces 
required for the total medical mission. 

He insures that the training of personnel is 
carried out so as to reach and maintain the 
proficiency prescribed by the parent Command 
and USAF directives. 

The medical portion of the base plans, includ- 
ing emergency war plans, defense plans, and 
disaster control plans are prepared by the Direc- 
tor of Base Medical Services. He provides med- 
ical guidance and operational control for disaster 
and survival plans to be implemented by the lo- 
cal military medical resources under his control. 
In doing this, he coordinates closely with other 
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stall activities as well as maintains liaison with 
local civilian agencies engaged in medical plan- 
ning. In addition, he is required to have knowl- 
edge of and maintain information on the entire 
medical requirement of the tactical units im- 
posed by the "Final Operational Plan" when 
personnel of such units are under his operational 
control. 

He advises the base or installation commander 
regarding health of the command and within 
established limits, acts for the commander in 
matters pertaining to the Base Medical Service. 
(AFR 160-105) 

The Squadron Flight Surgeon 

A Squadron Flight Surgeon is authorized for 
each tactical ftying squadron. Normally, three 
squadron flight surgeons are authoriized to the 
wing medical treatment unit. The Squadron 
Flight Surgeon's duties go beyond professional 
care of sick and wounded personnel and embrace 
certain functions of an advisory and administra- 
tive character. lii bis advisory capacity, he acts 
as a special staff officer for the Squadron Com- 
mander; in his administrative capacity, he 
supervises whatever enlisted medical personnel 
may be authorized or attached to the squadron. 

The Squadron Flight Surgeon perfonns rou- 
tine out-patient medical care of all personnel 
assigned to the squadron. He assists the wing 
medical nail as required and carries out the 
responsibilities required in implementing tihe 
Aircrew EfiFectiveness Program. He perfonns 
sanitary inspection in the squadron area tod 
food service facilities, and supervises activities 
of medical airmen. 

The Aeromedical Evacuation System 

The Air Force is responsible for aeromedical 
evacuation or air transport of patients of the 
uniformed services of the United States and, 
in some circumstances, allied forces. To carry 
out this responsibility, aeromedical evacuation 
systems have been established for major geo- 
graphical areas. 

The aeromedical evacuation systems consist of 
liaison teams which coordinate the flow of pa^ 
tients with scheduling of transport aircraft; 
casualty staging units, which receive shelter, 
process, load and unload patients; and in-flight- 
care crews, which accompany and care for 
patients being transported by air. Intransit-care 
facilities are established at appropriate air 
terminals and aerial embarkation and debarka- 
tion ports to provide limited medical care for 
patients awaiting further air transportation. 

Air Force Units — An Air Force unit is a 
military organization wMch has a mlssictB, func- 
tion, and structure prescribed by competent 



authority. Air Force units are either "constitut- 
ed" units (USAF Headquarters controlled — 
AFCON) or non-constituted units (USAF Head- 
quarters monitored — AFMON) which are 
controlled by major air Gomraands. 

a. Constituted unit (AFCON) - A con- 
stituted unit is an Air Force unit designated by 
a Department of the Air Force (DAF) letter 
with predetermined mission and capability pre- 
scribed through an appropriate Organization 
Table. Only DAF (AFOMO) letters direct or- 
ganizational actions which apply to constituted 
units. All tactical hospital units fall within this 
category. 

b. Non-constituted units (AFMON) — A 
non- constituted unit below wing or comparable 
level is organized by a major air command. 
Organizational actions affecting such units may 
be taken by the major air command concerned 
without reference to Headquarters USAF. Norm- 
ally, USAF hospital and dispensary units and 
other medfcal units within Air Force supporting 
systems fall in this category. An appropriate 
organization table may b© used as a guide in 
determining manning requirements for these 
units. 

Organization Tables — Organization Tables 

(0/Ts) provide source documents depicting a 
complete inventoiy of all Air Force units. These 
documents replace the old Tables of Organiza- 
tion ( T/Os ) . Each organization table consists of 
two parts. Part I includes a statement prescrib- 
ing the function or mi.ssion of the unit(s) for 
which the 0/T was designed as well as a state- 
ment of the capabilities of the unit. Part II 
lists the manpower spaces (officer, airmen, and 
civilian ) by skill, grade, and function to be used 
as guidance In planning, programming and the 
maintenance of unit manning documents. 

Unlike the old T/Os, Part II of these docu- 
ments no longer prescribe manpower authoriza- 
tions and commanders may deviate from the 
manpower guidance provided. Organization 
Tables provide a reference, when cited In DAF 
(AFOMO) letters, which will permit Head- 
qiiarters USAF to exercise active control over 
one or more factors of a unit when constituted 
such as, primary mission; capability; equipment; 
designation, assignment and/or location; status 
(active, inactive, reserve, ANG); tradition and 
historical significance. 

OTHEIt MEDICAL UNITS 

MiSCELLANEOtrs MEniCAL tflSTrtS AND FtWCnONS. 

To support the operating units of the Air Force, 
the medical service has developed capabilitfes 
in every field of medical service. Medical sup- 
port is normally provided by separate units 
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whenever the nature of the operation and/or 
medical workload justifies the establishment of 
a separate rnedical unit. In other situations med- 
ical support may be provided by medical per- 
sonnel who are assigned directly to non-medical 
units. 

1. Medical Units 

a. Hospital and Dispensary Units. These 
units operate medical treatment facilities (AFM 
160-20) in support of both tactical and non- 
tactical Air Force operations. These units vary 
in size from small units which operate class B 
(without beds) dispensaries, to larger units 
which operate 1000 bed hospitals. Tliese units 
provide, within their organizational sti'uctiu-e, 
other medical functions required to accomplish 
the medical mission such as Aviation Medicine, 
Veterinary, and Dental Services. 

b. Aeromedical Evacuation Units. These 
units, which may consist of groups, squadrons 
and/or flights, supervise, coordinate or operate 
tbe medical activities necessary in the movement 
of patients by air, 

c. Casualty Staging Units. These units pro- 
vide for the receipt, shelter, medical care and 
processing of patients for movement by air. 
Casualty Staging units normally operate in con- 
junction with a medical treatment facility; how- 
ever, they may operate independently. 

d. Physiological Training Units. These units 
provide training in aviation physiology and re- 
lated subjects for flying personnel to include 
proficiency training in meeting physiological 
stresses encountered in modem military aviation. 
These units provide pressure suit training and 
altitude indoctrination training in low-pressure 
chamber flights, Under the direction of the 
Flight Surgeon, Physiological Training Units 
may be utilized as an aid in the medical evalua- 
tion of flying personnel. { AFR 50-27) 

e. Dental Clinic and Area Dental Labora- 
tory Units. Normally, dental service is provided 
as a function within the organization of a hos- 
pital or dispensary unit; however, there are a 
few isolated instances where separate dental 
units have been established to provide for the 
examination and treatment of dental disease and 
injuries and for the fabrication of dental pros- 
thesis. 

f. Veterinary Inspection Units. These units 
provide a complete food inspection service in- 
cluding sanitary inspections of food establish- 
ments, veterinary pubHc health service, a medi- 
cal service pertaining to animals, and assists in 
certain phases of the preventive medicine 
program. 

g. Epidauiological Units. These units pro- 
vide, on an area basis, for the health of Air 



Force personnel through determination, identi- 
fication and correction of diseases which ap- 
proach epidemic proportions. These units may 
be transported by air to any area where their 
services are required. They investigate and ad- 
vise on preventive medicine problems and assists 
in the control of epidemics. 

h. Medical Service Units. These units pro- 
vide service in the administrative and profes- 
sional fields of medicine other than that normal- 
ly associated with Air Force medical treatment 
organizations. For example, Air Force personnel 
are assigned to Medical Service Squadrons, lo- 
cated at various Army and Navy hospitals, to 
insure that Air Force poHcies and procedm^ 
for the care, treatment, and welfare of Air Force 
patients are carried out. In addition, a Medical 
Service Squadron may be a holding organization 
for the administrative support of Air Force per- 
sonnel performing medical functions in miscel- 
laneous activities, such as the National Bureau 
of Standards, National Research Council, Joint 
Medical Procurement Agency, Taft Sanitation 
Engineering Cent^, etc. 

i. Central Medical Group. This unit 
provides specialized aviation medicine service 
for major air commands in an overseas area. It 

is comprised of a Central Medical Board, Com- 
bat InteUigence Team, Aviation Medicine De- 
velopment Team and an Air Crew Evaluation 

Team. 

In addition to the above separately organized 
medical units there is the Arctic Aeromedical 
Laboratory and the School of Aerospace Medi- 
cine whidi are discussed elsewhere. 

2. Medical Functions 

There are several medical functions for which 
organization tables have been developed which 
should be mentioned in this section. These func- 
tions are performed by medical personnel who 
are assigned to medical or non-medical units as 
the situation requires. 

a. Independent Medical Section. Provides 
a medical function within a separate squadron 
or element of a squadron with a strength of 
fewer than 200 military personnel. It is not de- 
pendent under aU conditions for all medical 
care and treatment on an existing medical 
treatment facihty or evacuation of sick and in- 
jured. Where required, this section provides pre- 
ventive medicine service or veterinary service 
within resources available, 

b. Medical Section (Air National Guard 
Units). This element provides a medical capabil- 
ity as an integral part of Air National Guard 
unit activities where medical resources are not 
otherwise availabla 
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c. Medical Section (Separate Squadron). 
This section provides a medical capability with- 
in a separate squadron with a communication- 
electronics mission which has a strength greater 
than 200 personnel, and not dependent under 
all conditions for medical care and treatment on 
an existing medical treatment unit. It is com- 
prised of one medical officer and nine airmen 
who provide limited diagnostic and therapeutic 
service; service for walking patients which in- 
cludes examination^ treatment and first aid for 
emetgmcy cases, physical esammatioiis, and 
short-term limited hospitalization for patients 
awaiting transfer to a hospital unit; preventive 
medicine service or veterinary service as re- 
quired, within available resource; evacuation of 
patients requiring definitive medical carej and 
requisitions, receives, stores, issues and maintains 
limited equipment and supplies. 

d. Whple Blood Processing Laboratory. 
This element provides the Air Force portion for 
the staffing of the Armed Services Whole Blood 
Processing Laboratories which are located on 
the East and West Coasts. These peraonnel 
assist in receiving, processing, storing, and ship- 
ping whole blood to overseas military medical 
supply depots for distribution to medical units. 

e. Blood Collecting Center. This element 
is an integral part of a hospital unit and provides 
personnel to collect, classify, process, store, and 
distribute 120 pints of whole blood per day. 

f. Aerospace Medicine Service, TMs ele- 
ment provides an Aerospace Medicine Service 



function within a separate tactical squadron with 
not over twenty -five aircraft, such as air refuel- 
ing squadron, or non-tactical Symg units with 
250 or fewer flying personnel. It cmisists of one 
flight surgeon and three medical specialists v/ho 
provide flight line aviation medicine service, 
limited diagnostic and therapeutic service for 
flying personnel and an aircrew effectiveness 
program. In addition, this element prepares and 
arranges for the evacuation of patients requiring 
definitive medical care. 

g. Medical Processing (USAF Basic Mili- 
tary School). This element, which functions 
within an organized medical unit, provides phys- 
ical and aeromedical examinations of flying 
personnel, and medical, dental and physio- 
logical examination of basic trainees, preflight 
cadets, reservists and Air National Guard per- 
sonnel not on extended active duty, and other 
personnel (including applicants of the military 
academies, Officer Candidate Schools, Reserve 
Officer Training Corps, Federal Bureau of In- 
vestigation, etc.). 

h. Medical Clinical Laboratory. This labo- 
ratory is designed to conduct epidemiological 
studies, research, technical inspection, and in- 
vestigations. It provides medical laboratory serv- 
ices and facilities not otherwise available to 
include microscopy, microbiology hematology, 
chemistry, and other ancfllary services. Addition- 
ally,, this laboratory provides technical assistance 
in support of aviation medicine, preventive med- 
icine, public health and cHnical medicine. 
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Aerospace Med/caf 
Research and Development 



in the USAf 



One of the principal duties of the Flight Sur- 
geon is to collate the results of aviation medicine 
research and development, and to transmit these 
accomplishments and developments to the care 
of Air Force personnel. 

Since the Flight Surgeon is directly afEected 
by the results of aviation medicine research and 
development, he should be cognizant of the 
facilities and projects of the organizations set 
up for this specific piu^iose. 

The USAF aerospace medicine research and 
development program is directed toward the 
modifleation and improvement of flying con- 
ditions and toward improving and maintaining 
the physical well-being of Air Force personnel 
engaged in aviation activities in the air or on 
the ground. These groups are continually investi- 
gating, through medicine and its allied sciences, 
new means of protecting the health of the flyer 
and improving his flying efliciency. The facilities 
of the medical, dental, veterinary, and biological 
sciences, as well as other allied aeromedical 
sciences, are all utilized in carrying out this 
program. 

Among the critical problem areas considered 
by aviation medicine and research, the follow- 
ing are of importance to the Flight Surgeon; 

1. Developing medical, psychiatric, and psy- 
chological techniques for the selection of poten- 
tially effective personnel. 

2. Maintaining personnel of aircraft and ground 
crews at the highest possible efiFective functional 
level. 

3. Providing the optimal adaptation of man to 
tiie eiiviwnmefital stresses of flying and associa- 
ted ground activities, and providing for his 



protection against such factors as radiation, noise 
and vibration, chemical and bacteriological war- 
fare, extremes of temperature, rapid barometric 
pressure changes, hypoxia, and variation in speed 
and motion, including angular, linear and radial 
acceleration, as well as abrupt deceleration. 

4. Recommending design features in aircraft 
and accessory equipment in accordance with the 
sensory, perceptual, muscular and intellectual 
capacities of man, taking into consideration his 
tolerance to the environmental factors of aerial 
flight. 

5. Establishing the limits of environmental var- 
iation within which man can function effectively. 

6. Providing data for solving medical psy- 
chological, and psychiatric problems peculiar to 

aviation. 

7. Providing maximal opportunity for the suc- 
cessful escape freem aircnift and the survival of 
personnel in the air, and after descent on land 
or sea. 

8. Determining the human parameters in aerial 
operations. 

9. Evaluating the medical effectiveness of Air 
Force weapons against humans in aerial flight 
and on the ground from an incapacitating or le- 
thal standpoint. 

10. Evolving the most effective techniques in 
air evacuation of casualties. 

The Deputy Chief of Staff for Development, 
in coordination with the Surgeon General, is 
responsible for the technical supervision of avia- 
tion medicine research and development in 
Headquarters USAF, Aviation Medictae Division 
of the Surgeon General's Office is responsible 
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Headquarters Air Research and 
Development Command 
has technical supervision over 
and operates Research and 
Development program of the Air Force. 
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tor GOOTdmation, liaison, and transmittal of re- 
quirements. 

There are three major Air Force Commands 
in which aviation medicine research and de- 
velopment is accomphshed; the Air Force Sys- 
tems Command, the Air Training Command, 
and the Alaskan Air Command. 

Under the Air Force Systems Command, the 
major aerospace medicine research facility is 
the Aero Medical Laboratory, A^OBautical Sys- 
tems Division, Wright-Patterson AFB, Ohio. 
Other smaller but active groups are: the Human 
Factors Branch, Air Force Flight Test Center, 
Edwards AFB, California; the Aero Medical 
Field Laboratory, HoUoman AFB, New Mexico; 
and the Human Factors Laboratory, Grifflss 
AFB, New York. Aerospace medicine research 
and development in this Command is coordi- 
nated by the Directorate of Life Sciences, 
Headquarters AFSC, Andrews AFB, Maryland. 

In the Air Training Command aerospace med- 
icine research and development is accomplished 
at the School of Aerospace Medicine, USAF, 
Brooks AFB, Texas. Although the Air Training 
Command is responsible for command control, 
cognizance of aerospace medicine research and 
development at the School of Aerospace Medi- 
cine is assigned to Headqtiai-ters, AFSC. 

Under the Alaskan Air Command, aerospace 
medicine research and development is carried 
out by the Arctic Aeromedical Laboratory. 
Technical supervision of this activity is exercised 
by (he Directbr of Research and Development, 
Hq USAF. The missions of these organizations 
are discussed in more detail in following sections. 

AIR FORCE OFFICE OF 
SCIENTIFIC RESEARCH 

The Air Force Office of Scientific Research is 
located at Headquarters USAF, Washington, 
D. C, and is under the command of Air Force 
Systems Command. The mission of AFOSR is 
exploratory research which cover the following 
fields of interest. 

Aeronautical Sciences 

1. Combustion dynamics. Kinetics of com- 
bustion, energetics of propulsion, thermodynam- 
ies of propulsion, medhanics of propulsion and 
new concepts of propulsion. 

2. Mechanics. Fundamental fluid mechanics 



including: hoimdar>' layer phenomena, turbu- 
lence, compressibility effects, viscosity effects, 
aerothermodynamics, aerothermochemistry and 
rarefied gas problems. Aeroelasticity and solid 
mechanics with emphasis on dynamic and high 
temperature effects. 

3. Mathematics. Analysis including differen- 
tial and integral equations, calculus of variations, 
real and complex variables. Modem algebra, to- 
pology, differential geometry, probabihty theory, 
statistics, numerical methods, computer theory 
and applied mafhematics of many types. 

Bio-Sciences 

L Behavioral sciences. Psychology, sociol- 
ogy, psychophysiology, social anthropology. 

2. Aeromedical beseabch. Biology, anato- 
my! physical anthropology, physiology, bio- 
chemistry, biophysics, aviation medicine. 

Material Sciences 

1. Chemisttiy. Theoretical and experimental 
studies on the composition, structure and 
properties of matter, and their influence on 
chemical behavior. Included are chemical kinet- 
ics, reaction mechanisms, thermochemistry, pho- 
tochemistry, energy transformations and nuclear 
chemistry. 

2. SoLm STATE SCIENCES. Theoretical and ex- 
perimental investigations of special crystalline 
structures, extreme temperature studies, surface 
physics, structure of sohds, and properties of 
solids. 

Physical Sciences 

1. Physics. Theoretical and quantum me- 
chanics, thermodynamics, statistical mechanics, 
heat, acoustics, electricity, magnetics, electronics, 
instrumentation, optics, spectroscopy, infrared. 
X-rays, ultraviolet, radiation, molecular, atomic. 

2. Nuclear physics. Elementary particles, 
structure and reactions, cosmic rays, astrophys- 
ics, nuclear instrumentation. 

Research Requirements 

Aerospace medicine research and develop- 
ment is based upon the technical program estab- 
lished and documented in accordance with AFR 
80-27. Proposed aviation medicine lesearch and 
development projects will be developed and 
submitted in accordance with AFR 80-27. 
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Unit Research Activities 

In addition to the important function of de- 
veloping requirements for aerospace medicine 
research, as described above, the Fhght Surgeon 
may also estabhsh local research projects. Some 
research projects can best be accomplished at 
unit le%el. Support for such projects can be ob- 
tained from the School of Aerospace Medicine 
in accordance witii AFR 80-22. The {aovisioiis 
of this regulation carry out the Air Force poIic>' 
to encourage and support clinical research by 
oiBcers of the Medical Service, USAF, at any 
Air Force medical facihty for the purposes of 
improving patient care; improving clinical tech- 
niques; and increasing the efficiency of the Med- 
ical Service, UiSAF. To this end, ser\'ices of con- 
sultants, pablication services funds or special 
itpms of equipment will be made available 
through the School of Aerospace Medicine, 
USAF to sappaxt appjQvecl research. 



Research Coordination 

Over-all coordination and integration of re- 
search and development within the Department 
of Defense is mediated through the Research 
and Development Board. This staff agency of 
the Secretary of Defense is primarily responsible 
for the preparation of a complete and integrated 
program of research and development for mili- 
tary purposes. The organizational structure of 
the Research and Development Board makes it 
possible for outstanding ci\'ilian scientists to work 
with the military experts at the planning level. 
This high level coordination and integration vras 
designed to assure an aviatimi medicine reseaich 
program which is technically sound, free of 
gaps, devoid of unnecessary duplication, and 
which will fulfill the militar\' requirement of 
maintaining the technical superiority of our 
Armed Forces in the field of aerospace medi- 
cine. 
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Aeromedital Schools 



r 



and Research Agencies 



School of Aerospace Medicine, USAF 

The School of Aerospace Medicine, USAF, is 
an outgrowth of a Medical Research Board ap- 
pointed on 18 October 1917 by the Adjutant 
General. On 19 January 1918, the Board estab- 
lished the Central Medical Research Laboratory 
of the Aviation Section, Signal Corps, at Hazel- 
hurst Field near Mineola, N. Y. The Laboratory 
later moved to neighboring Mitchel Field, where 
in November 1919 a School for Flight Surgeons 
was formally added to it. On 8 November 1922, 
it was officially recognized as a special sei-vice 
school, and its name was changed to the School 
of Aviation Medicine. 

On 30 June 1926, the School was transferred 
to Brooks Field, outside of San Antonio, Texas, 
After five years there, it moved on 30 October 
1931 to Randolph Air Force Base. In Septem- 
ber 1944, the School was assigned to the Ai'my 
Air Forces. On 1 April 1946, it became a part 
of the Air University. When the U. S. Air Force 
became an autonomous branch of the Armed 
Forces on 26 September 1947, the School was 
transferred to it along with the Air University. 

After the outbreak o£ war in Korea, expanded 
training requirements at Randolph AFB, an Air 
Training Command base, limited the space 
available to the School. As a result, on 21 Sep- 
tember 1950, its educational activities with the 
exception of courses for medical officers in avia- 
tion medicine, were transferred to Gunter AFB, 
Alabama. Medical research, the teaching of 
medical offleets, and clinical functions remained 
at its Randolph headquarters. 

THE AEROSPACE MEDICAL CENTER 

On 1 October 1959, die United States Air 



Force brought together into one organizaffion 
some of the most progressive and unique med- 
ical, educational and research institutions in the 
country. The USAF School of Aerospace Medi- 
cine, USAF Hospital, Lackland, the USAF 
Epidemiological Laboratory, and tbe Medical 
Service School, USAF, were united under one 
command to form the United States Air Force 
Aerospace Medical Center, a part of the Air 
Training Command. Refer to the illustration, 
Figme 50-1. 

The Center headquarters, located at Brooks 
Air Force Base, San Antonio, Texas, shares 
facilities with the School of Aerospace Medi- 
cine, one of the Centers major establishments. 
Among its functions, the school provides train- 
ing in aerospace medicine and allied health 
sciences for physicians, nurses, medical techni- 
cians and physiological training instructors. It 
carries out research on conditions alFecting the 
health and performance of flyers and provides 
medical consultation service for flying person- 
nel with difficult, obscure, or borderline pbysi- 
cal problems that affect their flying status. 

TKe Scheoi of Aerospace Medicine — Research 

Among its research activities, the Aerospace 
Medical Center conducts studies in visual prob- 
lems of flight, medical standards in aviation. 
Air Force clinical medicine, preventive medi- 
cine, aeromedical problems of atomic ener^, 
aviation physiology, and bioastronautics. Al- 
though a number of the Center's research proj- 
ects, notably tbe simulated space flights, bio-pak 
and primate support of NASA's Eroject Mer- 
cury, and the February, 1960, experiment in 
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Figure 50-1. Aerospace Medical Center, Brooks AFB, Texas 



weightlessness, have received much national 
publicity, many equally important though less 
spectacular projects have been completed or 
are now under way at the Center. Most of the 
research is carried out by die School of Aero- 
space Medicine. 

Even though it is but one of the three mis- 
sions of the School of Aerospace Medicine, the 
research program receives a great portion of 
the School's manpower and functional resources. 
Emphasi.s is placed on applied and fundamen- 
tal medical research as it pertains to the flyer 
and his environment in operational and future 
weapons systems. The program is under the 
guidance of the Deputy Chief of Staff for De- 
velopment, U. S. Air Force, and the Surgeon 
General. It is coordinated with, but not directed 
by, the Air Force Systems Command. 

In addition to the work done m its own lab- 
oratories, and in others associated with it, the 
school contracts for the accomplishment of 
specific research tasks with universities, medical 
schools, and industrial organizations. 

The School of Aerospace Medicine — Education 

In education, the Aerospace Medical Center 
trains physicians, nurses, and specialists in avi- 
ation medicine and allied health sciences. It 
provides intern and residency traiiiing for Air 
Force physicians, and trains other officers and 



airmen in a great variety of Air Force medical 
.specialties. 

The School of Aerospace Medicine provides 
academic training in all aspects of sj)ecialized 
aeromedical practice for selected physicians of 
the Air Force, Army, and Allied nations; to 
nurses of the Air Force, Navy, and Alhed na- 
tions; and to the technicians who assist them. 
Courses are conducted as listed herewith. 

Primary coubse in aerospace medicine. This 
9-week course ( 11 weeks for newly commi.s- 
sioned medical officers) is designed to orient 
the physician in the basic principles of aviation 
medicine. Its immediate purpose is to qualify 
him as a squadron medical officer. Three classes, 
with a quota of 125 physicians each, are given 
each year. As of 1 July 1959, a total of 9,184 
medical officers had taken the primary course. 
This includes 356 allied military physicians rep- 
resenting 45 countries friendly to the United 
States. The surgeons general of at least eight 
foreign air forces have been graduates of the 
school. 

Advanced cotjrse in aerospace medicine. The 
purpose of this 50-week course is to provide 
graduate education to selected physicians for 
assignments as aviation medicine consultants, 
investigators, and teachers, and, after adequate 
e3tpe*ience, as directors or supervisors of avia- 
tion medicine programs conducted at any level. 
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The class quota is 15. This course is the second 
phase of a 5-year program of academic train- 
ing and supervised practice which leads to cer- 
tification in the specialty of aviation medicine. 
The first year is a year of instruction in pre- 
ventive mediGine and public health which is 
given at each of three civiUan schools of pubUc 
health. 

Residency course in aerospace medicine. 
This course, the third phase of the Aviation 
Medicine Specialty Training Program, is con- 
ducted both at the School of Aerospace Medi- 
cine and at Headquarters, Air Force Logistics 
Command, Wright-Patterson AFB, Ohio. Resi- 
dents are assigned for a full year of training 
which includes applied aviation medicine, air- 
crew effectiveness and preventive medicine, 
and research and investigation. Normally, 7 to 
10 residents are eflroHed in this course. 

AoVANCEaD CXJUBSE IN AEROSPACE MEDICINE FOR 

ALOED MEDIC5A1 oiWCEias. This 27-week course 
is for senior allied medical oflScers who have 
been selected for advanced training in aviation 
and space medicine. The curriculum is based on 
the fact that the students have already com- 
pleted the primary course in aviation medicine 
and have had substantial practice in the spe- 
cialty. It is offered once a year and has a quota 
of 23. 

Flight surgeon's refresher coubse. This 
course, for Air Force Reservists and Air Na- 
tional Guard medical officers only, is centered 
primarily upon present-day practice in aviation 
medicine. The course has a quota of 40 and is 
given once a year. 

Flight nubse course. The purpose of the 
6-week course is to qualify registered nurses in 
the basic sciences and specialized techniques 
necessary for the safe and efficient transporta- 
tion of patients by air. The course is giv^ five 
times a year and has an enrollment of 40 stu- 
dents per class. 

Physiological training officer course. 
Physiological training officers are responsible for 
training aircrew members in the use of the 
latest altitude equipment, including oxygen 
masks, oxygen regulators, pressure suits and 
ejection seats. Selected officers attend this 7- 
week course which prepares them to conduct 
on-the-job training programs at the various 
physiological training units in the Air Force. 
The course is given three times a year to a 
quota of 25. 

Physiological training officer symposium. 
This 1-week symposium is designed to bring 
physiological training and medical officers up 
to date in this rapidly advancing field. It is 
presented three times a year with a quota of 30. 



Lectures in aerospace medicine. This 5-day 
course offers up-to-date information in medical 
developments and research in support of space 
operations, together with sufficient basic opera- 
tional and astronautical information to make 
medical problems understandable. It is de- 
signed to provide military officers and eivihans 
with enough information to permit intelligent 
evaluation of current research in aerospace 
medicine, ^nd to promote an exchange of views 
among research workers in the field. The course 
is open to military and civilian personnel of the 
Air Force, Navy, Army, National Aeronautics 
and Space Administration, State Department, 
Federal Aviation Agency, Aerospace Medicine 
Association, NATO, SEATO, Latin America, 
civilian industries, and university and research 
foundations. 

Personal equipment maintenance course. 
The purpose of this 1-week course is to provide 
knowledge and develop skills in fitting, issuing 
and miaintaining partial pressure suits and hel- 
mets. With a quota of 15, the course is pre- 
sented every other week. 

Physiological training supervisor course. 
The dominant area of instruction in the 6-week 
course is aeromedical indoctrination and its al- 
lied fields. A class of 24 is conducted twice each 
year, 

Aeromedical evacuation technician course. 
This 5-week course is designed to train senior 
airmen to give medical Care to sick, wounded, 
and injured personnel in aerial flight. This class 
is given five times a year, with a quota of 40. 

Aeromedical technician. This 11-week 
course is designed to technically instruct aero- 
medical specialists in medical and allied sub- 
jects and techniques. One class of 30 is con- 
ducted each year. 

Apprentice physiological training special- 
ist course, a 6-week course to provide airmen 
vrith the minimum knowledge and skills neces- 
sary to assist physiological training officers in 
the operation of physiological training units. 
Four classes, each vrith a quota of 40 students, 
are given each year. 

Apprentice aeromedical specialist course. 
The purpose of this 7-week course is to tech- 
nically train airmen in basic skills in aviation 
medicine so that, upon completion of the course, 
they will possess the minimum essential knowl- 
edge and skills necessary to perform duties in 
the aeromedical career field. The course is given 
four times a year with a quota of 90. 

The School of Aerospace Medicine — Consultation 

One of the three main missions of the School 
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of Aerospace Medicine is consultation on aviation 
medicine problems. Rated flying personnel hav- 
ing a medieal finding whicli poses a problem 
relative to their future flying status may be 
evaluated by the Consultation Service. Per- 
sonnel with problems of special interest to llie 
clinical research program are also seen. 

Individuals with cardiovascular problems, loss 
of consciousness, hearing and vestibular prob- 
lems, borderline visual difficulties, dysbarism, 
ambulatory neuropsychiatric disorders, and 
many other special facets of medical problems 
encountered in the flying population of the 
USAF, have been and are being studied. 

Each individual evaluated is seen by quali- 
fied specialists who are particularly familiar 
with the relation of problems in their fields of 
aviation. Equipment available to assist in eval- 
uation includes a modern vectorcardiograph, an 
electroencephalograph, 16 fully-equipped eye 
lanes, a shop for manufacturing contact lenses, 
a reverberation chambef, an anachofc chamber, 
and advanced X-ray apparatus. Stress testing, 
designed to simulate stresses encountered in 
flight, is an important factor in the consulta- 
tion program. 

Because of their unique access to the latest 
information on aeromedical conditions and tech- 
niques, the School of Aerospace Medicine's 
physicians and specialists have always been 
consulted by Flight Surgeons in the field con- 
fronted by problems beyond their experience. 
The value of this service to the USAF at large 
is apparent from the record: during the fiscal 
year ending 30 June 1959, a total of 411 pa- 
tients were referred to the school and had a 
total of 1,027 consultations. Most of them re- 
quired appointments with several departments. 

The Aerospace Medicine Specialty 
Training Program 

Participants in this program incur obligated 
service for this training as follows: Phase I; 2 
years; Phase II; 1 year; Phase IIIj 1 year. This 
service obligation is in addition to any other un- 
discharged obligation incurred as a result of 
previously sponsored training. There: iS no serv- 
ice obligation for the period of supetviised prac- 
tice. Phase tV. However, if one of the years of 
supervised practice is spent as a resident or 
fellow in a related or allied field an additional 
year of obligated service would accrue. 

A typical officer, progressing through the var- 
ious stages of training in aerospace medicine, 
enters on extended active duty as a Medical 
Officer, General Duty - AFSC 9326. He attends 
the indoctrination course of the medical service 
or completes 6 months' active duty as AFSC 



9326. He attends the primary course, aerospace 
medicine. Satisfactory completion of this coiu-se 
results in reclassiflcation as Medical Officer, 
Aviation Medicine — AFSC 9356. He is then 
assigned to and actively engages in duties in- 
volving aerospace medicine for a period of at 
least ten months. A proficiency level "D" is as- 
signed after he acquires an aeronautical rating 
of Flight Surgeon. He may then enter the aero- 
space medicine specialty training program. 

After completion of the formal training pro- 
gram and after a sufficient lapse of time to meet 
the formal requirements for certification in his 
specialty^ he is awarded a proSciency level 
"C," i.e.. Medical Officer, Aviation Medicine, 
AFSC 9356C. When he is certified by the 
American Board of Preventive Medicine in the 
specialty of aviation medicine, he will receive a 
proficiency level of "B". The officer may continue 
to progress and achieve national prominence and 
be recognized as an authority in his specialty. 
Then he may be awarded a sufiix "A" provided 
he meets the requirements set forth in AFM 
36-1. 

AEROMEDICAL LABORATORY 

The Aeromedical Laboratory, located at 
Wiight-Patterson Air Force Base, Dayton, Ohio, 
is caie of Uie twelve research and development 
laboratories conducted by the Aeronautical Sys- 
tems Division, Wright-Patterson AFB, Ohio, of 
the Air Force Systems Command. (See Figure 
50-2.) Working closely as a team, these twelve 
laboratories initiate and carry out projects by 
joint planning and participation. 

As a member of the Directorate of Laborator- 
ies of the Center, the Aeromedical Laboratory is 
the only organization concerned primarily with 
the human being. It provides consultation and 
advisory services to other laboratories of the 
Air Force on the human factors of aircraft de- 
sign and equipment. 

The mission of the Aeromedical Laboratory is 
to determine Air Force requirements and to 
conduct research and development studies 
aimed at maintaining and improving the effi- 
ciency, health, safety and comfort to flying per- 
sonnel under all circumstances, including emer- 
geticy survival conditions. Research is carried 
on to detemine the effects of aerial flight and 
emergency environments on man and on items 
of personal equipment developed to neutralize 
or eliminate adverse effects and stresses. 

Aeromedical Assignments 

The Commander of the Aeronautical Systems 
Division, Wright-Patterson AFB, through the 
Directorate of Laboratories, assigns certain 
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broad, general duties for which the Aeiomed- 
ical Laboratory is responsible. Sjjeeific require- 
ments for research or development eflFort are 
received from higher authority through letter 
directives and research, technical, or operation- 
al requirements directives or Technical Instruc- 
tions. Other projects are initiated by members 
of the Laboratory to assure comprehensive cov- 
erage of aeromedical problems. The branch 
concerned with a particular assignment initiates 
a project outlining the work which will satisfy 
the assigned requirement. When these plans are 
accepted by the Laboratory, Directorate, and 



Division, necessary funds and personnel are 
allocated to make possible the project to be 
undertaken. 

Organization of Aeromedical Laboratory 

The Aeromedical Laboratory is organized into 
an Office o£ the Chief, Operations Office, and 
nine branches: Administration, Physiology, Psy- 
chology, Services, Engineering and Develop- 
ment, Biophysics, Aircrew Effectiveness, Cloth- 
ing, and Bioaccoustics. Each office and branch 
is further subdivided into functional units. Duties 
of the offices and branches are as follows. 




Figure 50-2. Aeramedical Laboratories 

4. 



1. Administrative Offices 

Physiology Branch 
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2. Laboratory Kennels 
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Clothing Branch 



Engineering & Development 
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Machinii Shop 
Property & Sjpply Unit 

Biophysics Branch 
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Office of the Chief 

The Chief of the Aeromedical Laboratory di- 
rects and exercises general supervision over all 
activities of the laboratory and is respcmsible to 
the Director of Laboratories for accomplishment 
of the assigned mission of the laboratory. 

Operations Office 

The Chief of the Operations Office plans and 
executes the approved program by exercising 
scientific and engineering direction of all labora- 
tory, research, and development activities. This 
office reviews and coordinates all research and 
development projects and purchase requests, 
maintaining necessary budget and fiscal records 
and the project control system. Data on projects 
are analyzed for planning purposes and aU regur 
lar or special plans pertaining to the research 
and development program of the laboratory are 
formulated here. In addition, all aeromedical 
reports and publications prepared by the labora- 
tory are reviewed and coordinated by this office. 

Administration Branch 

Administrative functions applicable to the en- 
tire Laboratory are supervised, by the Adminis- 
tration Branch. Its functions include directing 
the laboratory personnel program, both military 
and civilian, supervision of the receipt, distribu- 
tion and follow-up of all mail and direction of 
the security program. 

In addition, the Administration Branch is re- 
sponsible for procurement and distribution of 
Air Force publications; for the laboratory re- 
ception service; and for monitoring of the Bec- 
ords Management program. 

Physiology Branch 

The Physiology Bnsnch conducts studies on 
the human physiology and pathology of high 
altitude flight and on such protective measures as 
pressure breathing, pressure suits, and pressur- 
ized cabins. It also establishes the oxygen re- 
quirements of flyers and develops instructive 
procedures and devices for training personnel 
in the use of oxygen equipment. The visual 
problems encountered in the use of Air Force 
equipment are investigated and general protec- 
tive eye equipment, such as goggles, sunglasses 
and eye shades are developed and standardized 
for Air Force use, The requirements for tempera- 
ture, huinidity, and ventilation of all types of 
aircraft are established by this branch. 

Studies are conducted to determine the nutri- 
tional and water requirements of flying personnel 
during normal operations and in emergencies. 
Food servicing equipment relative to inflight 
and survival use is developed and standardized 
by the Physiology Branch. In addition, the 



Physiology Branch conducts studies concerning 
the acute and chronic toxicity of various mate- 
rials in aircraft and i^eommends equipment and 
procedures to lessen toxic hazards; conducts 
research and develops defenses against chemical, 
biological and radiological warfare, and estab- 
lishes Air Force requirements for defense 
measures against CBR warfare. 

Psychology Branch 

In broad terms the mission of the Psychology 
Branch is to increase the mission effectiveness 
of Air Force weapon systems and equipment by 
contributing to the design of such systems and 
equipment, data, procedures and advice con- 
cerning the optimal utilization of human per- 
formance capabilities. In carrying out this 
mission the Psychology Branch conducts psy- 
chological, psychophysiological and human en- 
gineering research covering a wide range of Air 
Force problems. 

Areas in which major programs of research 
are carried out are: 

1. Design of all types of informational and 
warning displays for use by humans, so as to 
increase ease of interpretation, reduce errors 
and improve decision making. 

2. Design, arrangement and location of 
controls and control systems from the standpoint 
of human efficiency, 

3. Effects of unusual environmental con- 
ditions on human performance. Areas investi- 
gated include noise, temperature, fatigue, 
vibration and gravitational conditions, 

4. Development of methods and techniques 
for specifying, in the early design stages, the 
number, arrangement, workload, and working 
relationships of operators for their most efiBcient 
performance in multi-operator systems. 

5. Design of training equipment and ma- 
terials for economical and efficient training of 
Air Force maintenance and operator personnel. 

Work in the above areas is largely oriented 
toward psychological problems involved in the 
design and use of advanced missiles and space 
vehicles. 

Services Branch 

The Services Branch performs service func- 
tions and provides engineering support functions 
for the Aeromedical Laboratory. In the former 
category belongs the supervision of maintenance 
of buildings, grounds, and utihties, as well as 
the care and feeding of experimental animals. 
Additional functions include the processing and 
monitoring of work order requests and liaison 
with central supply and machine shop activities. 

Support functions include the operation of an 
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Aeromedical Library; technical editing and ad- 
ministrative processing of publications; prepara- 
tion of all Air Force drawings, charts, and 
graphs; and establishment of specifications for 
all Air Force items for which the Laboratory is 
responsible. 

Engineering and Development Branch 

This Branch conducts research on, establishes 
requirements for, and develops systems of pro- 
tection, sustenance, survival, comfort, sanitation 
and safety for passengers and crew of military 
aircraft; develops related components, personal 
equipment, procedures and policies. It develops 
necessary components and equipment for the 
storage of all types of aircraft gases; serves as 
special consultant on certain aspects of the 
Atomic Energy Program and conducts investi- 
gations on all mechanical phases of aeronautical 
medical research. 

Biophysics Branch 

The Biophysics Branch conducts research in 
acceleration, psychophysiology, bioengineering 
research and design, and biophysics of escape 
and recovery, Results of these research efforts 
contribute to the development and design of 
equipment and/or methods to increase man's 
safety, efficiency, and performance in flight. 
More specific information on the above areas of 
research is described below; 

1. Studies in acceleration are oriented 
towards the future Air Force mission. Human 
tolerances for ti'ansverse, positive, and negative 
linear G are determined and the underlying 
physiology is explored. Through experimentation 
on animals and humans on the hiunan centrifuge 
there is a continuous contribution In \he field of 
cardiovascular physiology and aviation medicine. 

2. The psychophysiological research in- 
cludes individual isolation and group confine- 
ment studies. In keeping with the future require- 
ment of man in space flight basic understanding 
of personality structure becomes increasingly 
important in evaluation and selection. 

3. Bioengineering research and design ef- 
forts anticipate radical changes in crew stations. 
Methods and/or equipment to provide optimum 
crew function and comfort are explored. Anthro- 
pometric studies contribute methods for maxi- 
mum utilization of human body size and strength 
in vehicle design. 

4. Research in escape and recovery of man 
from vehicles in flight encompasses biophysics, 
abrupt deceleration and angular acceleration. 
Human physiological and structural limitations 
are established for such areas as upward ejection, 
downward ejection, deceleration, spinning dur- 
ing free fall, and the attendant physical and 



physiological problems during recovery and re- 
entry from space flight. 

Highly competent electronics scientists de- 
velop new methods for measuring physical and 
physiological parameters. In addition electronics 
equipment design and modification for special 
measuring problems under unusual conditions 
are provided. 

Aircrew EfFectiveness Branch 

The mission of the Aircrew Effectiveness 
Branch is to analyze new weapon system con- 
cepts to determine what implications they carry 
for the human operator. The weapon system 
project officer is advised concerning human fac- 
tor considerations which must be recognized and 
provided for by aircraft designers. Close liaison 
is maintained with the Air Force Systems 
Command, the weapon system pfoject offices, 
various commands, and prime contractors dur- 
ing design studies and during the development 
cycle to insure that all equipment, systems and 
human factor requirements under cognizance of 
the Laboratory are incorporated into newly de- 
signed or production weapon system and that 
the human operator is most effectively utilized. 

The branch is responsible for; 

a. Preparing specifications and monitoring 
installation in aircraft of equipment and systems 
coming under the jurisdiction of the Aeromedical 
Laboratory; 

b. The integration and evaluation of all 
aircrew personal, protective and survival equip- 
ment; 

c. Conducting of all aeromedical jump 
evaluation tests of all items of personal 
equipment; 

d. Representing the Aeromedical Labora- 
tory on all committees, teams, and panels con- 
cerned with requirements for aircrew personal, 
protective and survival equipment and integra- 
tion. Representing the Laboratory at various 
conferences and participating in the numerous 
inspections at contractors' facilities during the 
development phase of a weapon system; and 

e. Review of Aircrew Effeetiveness Reports 
and initiation of appropriate action to rectify 
situation. 

Clothing Branch 

The Clotliing Branch designs, develops, tests 
and recommends the standardization of flight, 
protective and uniform clothing and related 
equipage. Among these items are such assem- 
blies as flyer's functional, anti -exposure and 
armor clothing and protective helmets; protective 
clothing for personnel engaged in hazardous 
occupation and groundcrew climatic protective 
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clothing; service, field, dress and special purpose 
Air Force uniforms. 

The Clothing Branch also performs the fol- 
lowing duties : 

1. Establishes requirements for develop- 
ment of clothing materials. 

2. Develops principles and techniques for 
the application and maintenance of unconven- 
tional and comphcated clothing assemblies. 

3. Constructs developmental items of 
clothing assemblies for engineering tests and 
evaluation. 

4. Fabricates standard clothing assemblies 
in special measurements for personnel of unusual 
physical dimensions. 

5. Fabricates special devices and equip- 
ment to support active branch projects. 

6. Maintains engineering surveillance over 
technical data governing the construction and 
use of standard Air Force clothing and equipage. 

7. Monitors the development of uniforms, 
insignia and badges other than decorations and 
awards. 

8. After approval by Hq USAF, it issues 
clothing items by direct or indirect procurement. 

9. Maintains surveillance over the manu- 
facture of uniform clothing and the approval 
and implementation of deviations and changes 
to specifications. 

10. Provides technical support to the re- 
lated equipment development of other organiza- 
tions as well as the fabrication and/or modifica- 
tion of test models, 

Bio-Acoustics BrancK 

The Bio-Acoustics Branch conducts basic and 
applied investigations on the generation, propa- 
gation, action and control of acoustic energy. 
It correlates and integrates data and results 
obtained from research in physical acoustics, 
physiological acoustics and psycho-acoustics to 
fonnulate general criteria pertaining to the ef- 
fects of exposure to noise and vibration, reduc- 
tion or control of the same, and protection 
against noise and vibration hazards. The action 
of airborne acoustic energy and structure-borne 
vibrations are studied in terms of the physical 
properties of the human body and the individ- 
ual's complex physiological and psychological 
response to such stimuli. Conditions are 
determined imder which acoustic energy acting 
on the body reduces efHciency or produces 
trauma. Basic theoretical and mathematical ap- 
proaches and methods are developed to solve 
Air Force problems in acoustics, bio-acoustics 
and the study of vibratory phenomena. 



ARCTIC AEROMEDICAL LABORATORY 

The Arctic Aeromedical Laboratory is located 
at Ladd Air Force Base, Fairbanks, Alaska. 

The mission of the Laboratory is the investigation 
of medical and allied problems affecting the 
health, operatian, survival and combat capability 
of mihtary personnel in northern latitudes. The 
Laboratory has five functional departments en- 
gaged in active research and development effort. 
The intramural research and development pro- 
gram is augmented by university research con- 
tracts and consultant service. ( See Figure 50-3. ) 

The Environmental Medicine Department is 
primarily concerned with the factors affecting 
the health of military personnel on arctic service. 
Their interest includes water supply, sewage 
disposal, cold injury, evacuation of casualties, 
parasitic and vector transmitted diseases, and 
ecology. 

The Physiology Department is engaged in the 
study of different aspects of cold weather physi- 
ology, including human acclimatization to cold, 
temperature regulation, hypothermia, pathophys- 
iological problems, thennal balance studies, 
changes in peripheral circulation, the significance 
of physical fitness in cold tolerance, and energy 
cost of various activities under different a.rctic 
conditions. 

The Biochemistry Department supports much 
of the work going oh in other departments and 
performs other research in its own right. Their 
main emphasis is on nutritional requirements 
in the Arctic and the cellular aspect of cold 
adaptation. They are concerned with the de- 
velopment of arctic survival rations and the 
availability of food and water in different arctic 
regions at different periods of the year. 

The Psychology and Human Engineering De- 
partment is interested in behavior patterns in 
response to environmental stress, evaluation of 
methods for personnel selection and utilization, 
human engineering and performances methods 
and techniques for successful combat of stress- 
ful environmental situations, as well as certain 
aspects of acclimatization and adaptation, and 
factors pertaining to morale and mental health. 

The Protective Equipment Department is 
concerned with the development and testing of 
clothing, shelters, and survival equipment and 
techniques and the acclimatization of medical 
materiel. This department collaborates with 
other agencies of the Air Force in monitoring 
and conducting tests of the above equipment 
and developing technical requirements for the 
advice of higher headquarters. It is in this de- 
partment that the research-acquired facts and 
principles are transferred into items or tech- 
niques useful to the Air Force. 
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AEROMEDICAL FIELD LABORATORY 

The Aeromedical Field Laboratory, located 
at Holiornari Air Force Base, New Mexico, is a 
part of the HoUoman Air Development Center, 
and is engaged in research and development 
chiefly concerned with probl^s of very high 
altitude flying. The very high altitude missiles 
tested by the Center afford ideal means for 
scientific investigations. The Aeromedical Field 
Laboratory is divided into three branches; fiie 
Biodynamics Branch, the Space Biology Blanch, 
and the Laboratory Service Branch, (Refer to 
Figure 50-4.) 

The Space Biology Branch is concerned with 
the problems of human factors of space flight. 
The objective of this project is the evaluation of 
the significant huittan factors involved in the 
successful operation of vehicles in space. Space 



is defined as that altitude or flight condition 
which provides an environmental condition bi- 
ologically equivalent to those found in interplan- 
etary space., The Space Biology Branch is 
concerned primarily with the eflFects of 
weightlessness and reduced gravitatioual states, 
cosmic radiation, which includes hazards of 
infra-red and ultraviolet solar rays and ionizing 
particles, and environmental problems of sealed 
cabins, and the problem of re-entry into the 
earth's atmosphere. In solving some of these 
problems the Aeromedical Field Laboratory 
uses the following methods: Simulating altitudes 
on the ground in space chambers, using aircraft 
flying a parabolic trajectory and high perform- 
ance rocket aircraft for exposing animal and 
human subfeete to high altitude accelerations 
and re-entry conditions. 
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Figure 5D-4. 



Aeromedical Field Laboratory 

1. Administration Building 

(a) Biodynamics 

(b) Fihn Editing 

( c ) Administrative S ection 

2. Space Biology Building 

(a) Workshops 

(b) Illustrative Section 

(c) Library 

3. Laboratory Services Building 

{ a ) Animal Colony 

(b) Laboratory 

( c ) Operating Boom 

(d) X-ray 

4. Isolation Building (lab Service Branch) 

(a) Animal Isolation Room 

( b ) Experimental Room 

5. Short Track (Daisy) 

6. Swing Seat 

7. Drop Tower 

8. Instrumentation Vans 

9. Road to automotive rollover and crash 
barrier. 

The Biodynamics Branch of the Aeromedical 
Field Laboratory is concerned with the bio- 
dynamics of human factors for aviation. The 
objective of this project is to determine the 
limits of unrajured survival of comparatively 
brief applications of mechical force to the human 
body. This objective is approached by studying 



forces generated during normal and emergency 
operation of high performance aircraft and sub- 
sequently imparted to crew members. By explor- 
ing forces occurring at various angles and planes 
of orientation the optimum position for attenuat- 
ing these forces within human tolerance limits 
will be determined. 

Research concerning decelerative forces is! 
being carried out on a rocket powered sled 
travelling at supersonic speeds, on the Daisy 
Track at velocities between 20 and 136 miles 
per hour and on a bungee activated decelerating 
device. The rocket powered sled is also utilized 
to study the effects of abrupt wind blast. An 
auto crash program is being conducted to in- 
vestigate the forces occurring in automobile col- 
lisions. Lap belt tolerance tests are carried 
out as a corollary to this task. Tolerance to 
total pressure change is being investigated using 
anim^ subjeets in a small pressure chamber, 
on a centrifuge and with an artery or vem con- 
nected to a fluid reservoir. Tolerance to aircraft 
crash forces will be investigated by accelerating 
entire mockup of an aircraft with litters in the 
proper position mto a vertical barrier. 

The Laboratory Services Branch works closely 
with the Biodynamics and Space Biology 
Branches. A large animal colony including a 
variety of species, among them chimpanzees, 
swine, monkeys, dogs, cats, guinea pigs, and 
mice is maintained and biological data derived 
from these animals during experimentation is 
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supplied to the branch concerned. The Labora- 
tory Services Branch also serves in an advisory 
capacity during the planning of experiments 
which entail the use of animal subjects. 

Laboratory Services is under the supervision 
of Air Force veterinary officers who maintain 
tiie health and tiutritidnal status of the colony 
animals in order to eliminate as many variables 
as possible from the experimental subjects them- 
selves. They personally examine, care for, and 
supervise the handUng of these animals during 
actual experimentation whenever possible. Pa- 
thology and post mortem determinations are 
made in conjunction with the Armed Forces 
Institute of Pathology, 

The Branch maintains a well equipped sur- 
gery, an X-ray unit, and a laboratory which 
employs a trained laboratory technician who 
performs routine and special clinical laboratory 
examinations as required for both human and 
animal experiments. 

The Laboratory Services Branch aids in the 
difficult job of collecting, correlating, and trans- 
posing to practical application which will benefit 
mankind, vahd experimental data derived from 
non-human subjects. 

Human Factors Branch 

This Human Factors Branch is a support 
facility located at the Air Force Fhght Test 
Center, Edwards Air Force Base, California. 
The mission of the Branch is to support the 
flight test evaluation of aircraft in the Center s 



test inventory. (See Figure 50-5.) Human Fac- 
tors contributions are documented in the Tech- 
nical Report published at the conclusion of 
Phase 11, contractor compliance evaluation, 
Phase IV, stability and performance tests, and 
Phase VI, functional development tests. This is 
accomplished by providing comments and rec- 
ommendations relating to heating, lighting, ven- 
tilation, escape and emergency procedures, in- 
strument presentation, and hardware position- 
ing in the cockpit. 

As a guide ARDC Manual 80-1 is used. This 
is called the Handbook of Instructions for Air- 
craft Designers or HIAD. Where improved 
systems are encountered beyond the recommen- 
dations of HIAD, this improved or preferred 
system or design is submitted for inclusion in 
the HIAD which is continually being revised. 

Human Factors Laboratory 

The Human Factors Laboratory, Rome Air 
Development Center, Griffis Air Force Base, 
New York, was established for the general pur- 
pose of rendering direct assistance to the design 
and development engineers of the Rome Air 
Development Center. In addition to entering 
actively into the design of weapon systems at 
this Center, the Laboratory is engaged in studies 
of the capabilities and limitations of the human 
operator in ground based man-machine systems. 

Facilities are available for research on basic 
problems concerned with the visual and audi- 
tory sensing capabilities of the human. Typical 



Figure 50-5. Rocket Prepelled Acceieration Test Sled at Human Factars Branch, Edwards AFB, California. Sled is 
Rigged for Ejection Seat Study in F-1D7A Nose Section 



AF MANUAL 161-1 



50-1 1 



of the former are investigations of the factors 
mvolved in perceiving and recognizing complex 
pattems (such as involved in radar and photo- 
graphic presentations) and the influence of such 
factors as contrast; resolution, and acutance on 
stereoptic acuity. Among the problems of in- 
terest in the auditory area are research problems 
bearing upon speech intelligibility. Such research 
serves the function of providing requirements 
for military equipment employed by the United 
States Alt Force. 

Studies of the hazards and effects of exposure 
to electromagnetic radiations in order to incorpo- 
rate adequate protection into the design, opera- 
tion, and maintenance of current and future 
electronic equipments is a function of the Human 
Factors Laboratory. 

The Asdstant for Life Sciences, Office of the 
Inspector General for Safety, USAF 

The responsibility for the identification of 
the medical and allied science problems in 
USAF Safety Programs rests with the Assistant 
for life Sciences of the Deputy Inspector Gen- 
for Safety. Historically, this office was first 
-ncemed with Medical Aspects of Flying 
Safety, but has now broadened its scope to in- 
clude nuclear, missile, and ground safet)'. 

Following the example of well-ordered cUn- 
ical medicine, ultimate authority is placed in 
the hands of a physician having specialty train- 
ing in Aerospace Medicine. He is assisted by 
specialists in the allied medical sciences of 
Physiology, Psyclioiogy, Industrial Health, and 
Environmental Rrotection, Eadb m^ber of the 
Life Sciences team is knowledgeable in all four 
safety areas and fundamentally versed in acci- 
dent investigation techniques and safet\' prin- 
ciples. The basic data source is the medical 
report that is submitted following each accident 
investigation. Tlie methods used are statistif^ 
analysis and records research. 

The constant goal is the identification of new 
and continued safety hazards and problem areas 
so that practical solutions may be found and 
implemented. The desired result is always the 
prevention of injuries and fatalities and conser- 
vation of the USAF personnel and materiel. 
Operational personnel, Commanders, and Flight 
Sturgeons can look to this office as a source of 
'ormation and assistance in any problem as- 



sociated with safety. Life Sciences welcomes 
inquiries, requests for research data, and re- 
quests for assistance in any accident investiga- 
tion. In particular, it is hoped that medical 
research projects can be encouraged and as- 
sisted. 

Arctic, Desert, Tropic information Center 

The Arctic, Desert, Tropic Information Cen- 
ter (ADTIC) was established in February- 1947, 
at the request of Headquarters USAF for the 
purpose of collecting, evaluating, preparing, and 
disseminating to authorized agencies informatioii 
of value to Air Force operations in non-temperate 
regicms with particular emphasis on the effects 
of climatic extremes on the employment of 
USAF weapons systems, the use of specialized 
Air Force equipment, emergency survival tech- 
niques, and the development of geographic in- 
telligence. The key objectives are to provide 
guidance in operations planning and implemen- 
tation, and to provide information that has 
direct application to the resolving of Air Force 
operational problems. 

Functionally the Center is organized into two 
independent, but interrelated, research areas: 
geographic research and emergency survival re- 
search. Almost all of the projects, special studies, 
and research activities <rf the center fall into 
these subject areas. 

The research program is patterned after Air 

Force needs in the above areas, and specific 
requirements come from Headquarters, USAF 
and major air commands. La partial fulfillment 

of these requirements, the research staff collects 
and files reference materials pertinent to Air 
Force project files or in special area files, such 
as regional file, survival file, arctic file, and 
photo file. 

About 30 percent of the .\DTIC manpower is 
devoted to collecting and research activities in 
emergency survival. Particularly stressed is the 
collection of data on survival procedures and 
survival equipment from commands, survival 
schools, rescue units, and commercial airlines. 
This information provides a large part of the 
source materials required in preparing special 
studies on survival equipment, Air Force train- 
ing films, survival along Air Force ffight routes, 
and results of survival field tests. 
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A medical team has been established in the 
Office of the Assistant Chief of StaflF, Intelligence, 
Headquarters, USAF, to exercise staff cogni- 
zance over the aeromedical intelligence pro- 
gram in the Air Force. 

Mission and Responsibilities of the 
Medical Team 

The Medical Team establishes the Air Force 
requirements for the production of aeromedical 
intelligence and provides a system for the col- 
lection and dissemination of medical and aero- 
medical inteUigence information. This team 
produces medical and aeromedical intelligence 
required by the Air Force, except that provided 
by other directorates or agencies within the 
USAF. It assembles aeEomedical and medical 
intelhgence from all sources and processes this 
material for inclusion in Air Intelligence studies 
and estimates. 

The Medical Team maintains Uaison with 
other departmental and governmental medical 
intelligence agencies and provides air staff con- 
sultant service in medical intelligence matters. 
This team also advises in the selection, place- 
ment, and accreditation of assistant air attaches 
(medical) assigned to the following countries: 

Country Current Additional 

France Accreditation 

Italy Belgium, Switzerland, 

Canada Luxembourg, and French 

Argentina Morocco 

Sweden Greece and Turkey 

Spain Paraguay, Chile 

England Denmark, Norway 

Indo-Ghina The Netherlands 



Relation of the Flight Surgeon to the 
Medical Intelligence Program 

Flight Surgeons, by virtue of the nature of 
their assignments, may often be able to make 
valuable contribvitions to the Medical Intelli- 
gence Program. The ability to recognize in- 
formation that would be of importance to the 
USAF, and would perhaps even play an impor- 
tant part in the safety and security of the United 
States, is primarily gained through experience. 

It is not uncommon for individuals to realize 
suddenly that they possess information which, if 
properly reported and Utilized, might prevent 
suffering or death. Members of the medical pro- 
fession are trained to report rare and unusual 
cases so that others may profit by their observa- 
tion and experience. Physicians in the military 
service should be equally aware of methods for 
making unusual information available for the 
benefit of others. 

The sole purpose of the medical profession in 
modem society is to prevent suffering and death. 
The purpose of the medical service in the mili- 
tary establishment is to prevent all possible loss 
of effective manpower in the armed forces by 
appropriate programs in both curative and pre- 
ventive medicine. 

Members of the medical profession must al- 
ways be aware of their covenants with any com- 
munity. It is imperative that all members 
conduct their work in such a manner that they 
can never be accused of lending medical effort 
to the destruction of life. However, at the present 
time in our history it has become necessary 
to know the scientific capability of any nation 
which might use such knowledge in a destructive 
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manner. Flight Surgeons should realize Ijiat any required cannot be given in this book. This 

information which materially affects the roan- section, however, is induded in order to acquaint 

power potential of foreign comitries may be of all concerned mth the fact that a program for 

value in p^paring for the defense of our home- the reporting and utdizing of medical intelh- 

land. Ck^taited tisb tfie tyif^ ct informatioti gc^ce do® exist 
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Ktmitr s ka M mtmt amoKf tS ttfl*d rdmmas. 

AFR 200-7 Responsibility for Medical Intelligence. 
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The Medical Officer 

All the attributes which are normally expected 
of the doctor in private life are also expected of 
the doctor who enters the USAF with one 
notable difference . . . they may be, and fre- 
quently are, demanded in greater degree. 

The Medical Professional Field of the USAF 
encompasses a wide number of functions. In- 
cluded are immediate supervisory and profes- 
sional responsibilities for the prevention, diag- 
nosis, and treatment of physical and mental 
diseases, disorders and injuries in the various 
special fields of medicine. In addition, this 
group must determine the physical and mental 
fitness of personnel for flying and must be 
responsible for the prevention, diagnosis, and 
treatment of diseases, disorders and injuries pe- 
cuhar to flight. The development of plans and 
procedures covering the medical aspects of de- 
fense against tiuclear, biological, and chemical 
warfare are also the responsibility of the USAF 
Medical Service. 

The duties of a physician in any assignment 
in the USAF cover three broad areas; medical, 
or duties common to the practice of medicine, 
IneludinLg physical examinations for the presei-\'a- 
tion and promotion of health; advisory, or duties 
discharged by a medical ofBcer as a staff officer 
and medical technological advisor; administra- 
tive, or duties pertaining to the command of 
medical service establishments, personnel, and 
patients. 

The specific duties of a medical ofBcer de- 
pend upon his qualifications and the air force 
specialty to which he is assigned. If he is a 
medical staff officer, he administers the medical 
service program including maintenance of 



health standards, training and use of personnel, 
research, and estabhshment and operation of 
medical installations and facilities. He must be 
able to command medical organizations, facili- 
ties, and installations. If he is a general medical 
officer, he will examine, diagnose, and treat the 
diseases and injuries as well as manage out- 
patient and ward services. 

The Medical Professional Field offers oppor- 
tunity for clinical application of many specialized 
fields of medicine including anesthesiology, 
aviation medicine, dermatology, gastroenterol- 
ogy, gynecology, internal medicine, obstetrics, 
ophthalmology, orthopedics, otolaryngology, pa- 
thology, pediatrics, preventive medicine, psy- 
chiatry, radiology, and various phases of surgery. 
Medical ofBeers who have had professional 
practice or have received intensive formal train- 
ing in one of these specialized fields of medicine, 
will be assigned the appropriate AFS upon at- 
taining the standards established and described 
in AFM 36-1. 

Only medical officers are in command of 
medical organizations dealing with the diagno- 
sis, treatment, hospitalization, and transportation 
of sick and wounded personnel — except tem- 
porarily in diose emergencies when no medical 
officer is available. 

Assignment 

Criteria for Assignment 

The following criteria are used, as far as 
the military situation permits, in determining 
assignment to duty for all medical officers in 
the USAF Medical Service: 

1. Desired Assignment — It is the continTiing 
policy of the USAF Medical Service to assign 
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a medical officer to duties which lie within his 
primary interest and ability. It is naturally rec- 
ognized that interest in a particular assignment 
will result in increased effort and achievement. 

2. Physical Status and Age — The physical 
well-being of the pliysician is a major factor in 
the successful accomplishment of many of his 
duties. It is the policy of the USAF Mediea;! 
Service to commission and assign the duties of a 
Flight Surgeon only to those physicians having 
the physical and mental stamina to endure 
moderate physical hardship. 

3. Professional Qualificatiotis — The established 
professional qualifications of the medical officer 
form the basis of consideration for professional 
classification within the USAF Medical Service. 
Of assistance in the proper assignment of Med- 
ical Service Officers is AFM 36-1. 

4. The Military Situation — In every case, the 
military situation and the emergencies arising 
from it are the final criteria for the assignment 
of all medical officers. 

Classification of Assignments 

The main types of assigjianent within the 
USAF Medical Service are: 

Professional 

Administrative 

Tactical 

Research 

The broad explanation of each is as follows: 

Professional. Assignment to medical duty for 
the actual care, examination, and treatment of 
the sick, as well as the heal&y, is nearly always 
at a hospital. The medical offleer's suitability for 
this professional assignment is based largely on 
his professional qualifications as described in 
AFM 36-1. 

Administrative. The USAF Director of Base 
Medical Services is the senior medical officer at 
an Air Force base. He is the Commander of the 
medical service. As .such, he is directly responsi- 
ble to the commander of the Air Force base in 
discharging the following duties: 

1. The planning, supervision and/or coordina- 
tion of all air base medical services operations, 
including dental, veterinary, and sanitary ac- 
tivities. 

2. The command of all personnel of the medical 
service assigned to the facilities for the care and 
treatment of the sick and injured. 

3. The direction of the professional medical 
training program at the air base, and the tech- 
nical supervision of other Air Force training 



programs which relate to health, hygiene, sani- 
tation, and aviation medicine. 
4, The supervision of the procurement, storage, 
issue and usage of medical supphes, such as 
medical instruments, pharmaceuticals, drags and 
narcotics. 

Tactical. The Staff Medical Officer and the 
Flight Surgeon in the tactical unit have tactical 
assignment. Under normal circumstances, there 
is a Staff Medical Officer for each unit in each 
echelon of command. On the staff of the Chief 
of Staff, USAF, the title of the Staff Medical 
Officer is "Surgeon General, USAF," At lower 
echelons of command, the Staff Medical Officer 
is the Director of Base Medical Services. The 
Staff Medical Officer is directly responsible to 
the commander in discharging the following 
duties: 

1. The recommendation of measures for the 
prevention and control of disease and injury, 
both physical and mental. 

2. The initiation and supervision of measures 
for the care and treatment of the sick and 
wounded. 

3. The command, under the direction of the 
commander, of such Medical Service personnel 
of the unit or installation as fall within the 
jurisdiction of his duty assignment, and are not 
under the authority of another command or 
assigned to a subordinate tactical unit. 

4. The submission of such recommendations as 
he may deem advisable for training, instruction 
and utilization of Medical Service personnel of 
the command. 

5. The furnishing of information and advice to 
the commander on all questions affecting the 
Medical Service. 

6. The institution of measures to ensure that 
required records are kept and required reports 
are made by the medical service personnel of 
the command. 

7. The exercising of supervision over all Medi- 
cal Service activities of the command. 

8. The recommendation to the commander, in 
territorial commands, of inspection visits by 
himself or his assistants, to such places within 
territorial limits of the command as may be 
necessary for the purpose of inspecting Medical 
Service personnel, equipment, administrative 
and environmental conditions affecting the 
health of Air Force personnel. 

9. The application of his knowledge of the 
individual in relation to operations, tactics, and 
equipment, and the making of recommendations 
on this basis, 

10. The development and mEiintenance of the 
highest possible efficiency of all USAF personnel. 
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not only by sustaining health but also by the 
use and improvisation of such protective equip- 
ment as may be necessary for that purpose. In 
addition, recommendations and advice on the 
development, procurement, storage, issue, and 
usage of protective equipment. 

11. The supervision, organization and planning 
of the Medical Service to the extent that the 
mission and capability of the Medical Service 
will be cortsistent with the iliission and capability 
of the tactical unit for which medical support is 
to be provided. 

12. The performance of such other duties as 
may properly be ordered by superior authority. 

Research. Assignment in research activities 
may be either in a participative or administra- 
tive capacity. Roth types of assignment are 
available at the numerous aeromedical research 
facilities. Additional administrative research as- 
signments are available in staff positions of vari- 
ous Commands, particularly the Air Force Sys- 
tems Command; in Headquarters USAF, and 
in certain Department of Defense agencies, 
such as the Research and Development Board. 

Research activities may be of the fundamental 
type or at the applied level. Additionally, there 
is adequate opportunity for the pursuit of clinical 
research in many assignments outside the re- 
search category. This research activity is 
governed by AFR 80-22. 

Duties of the Flight Surgeon 

The duties of the Flight SurgeoH are three- 
fold: 

He conducts medical examination for selection 
and maintenance of flying personnel; 

He engages in aviation medicine research; 
He administers the aviation medicine program. 

Medical Examination of Personnel 

The Flight Surgeon examines all personnel 
to detennine their physical and mental fitness 
for flying. He ascertains the kind of X-ray ex- 
amination and clinical laboratory tests required. 
He must interpret the test results and evaluate 
examination findings. On the basis of these he 
recommends initial acceptance for flying train- 
ing or flying status and continuance, removal, 
return to, or suspension from flying status. When 
doubt exists regarding fitness of the flyer, the 
Flight Surgeon may fly with the crew member 
and base his opinion on performance in the 
aircraft in flight. It is his duty as well to treat 
disorders and injuries peculiar to flight and 
render general medical care to flyers. 



Aerospace Medicine Research 

The Flight Surgeon must collect, compile, and 
evaluate data pertaining to the phyaological 
effects on the human body of certain factors, 
such as acceleration, deceleration, centrifugal 
forces and low barometric pressures. He must 
study, analyze and observe the use of protective 
and survival equipment. He wiH from time to 
time make recommendations for modification or 
development of new equipment or systems de- 
signed to meet physiological requirements and to 
provide increased aircrew efi^ectiveness and 
safety. 

Administration of the 
Aerospace Medicine Program 

As administrator of the aerospace medicine 
program, the Flight Surgeon must develop 
policies and procedures governing medical as- 
pects of personal, protective, and survival equip- 
ment, procedures, and training. He must devise 
casualty procedures for accidents and establish 
medical emergency facilities. Advice on tech- 
niques of air rescue and evacuation of sick and 
wounded personnel must come from him. He 
must observe the mental and physical condition 
of aircrew personnel, as well as the operation of 
safety equipment and procedures during flight, 
to ensure conformance with policies covering 
the medical aspects of aircrew effectiveness. He 
must also investigate the hazardous effects of 
toxic substances on flying and ground personnel. 

The Flight Surgeon prepares directives gov- 
erning facilities, scope, and functions of 
physiological training activities and monitors a 
preventive psychiatric program. He plans and 
assigns workloads and evaluates the work per- 
formed by aeromedical personnel. 

As a part of the administration of the aero- 
space medicine program, the Flight Surgeon 
may be called upon to instruct aerospace medi- 
cine students, nurses, airmen engaged in aero- 
medical activities, and aircrew members in the 
physiological and psychological effects of high- 
altitude and high-speed flights. The medical 
aspects of survival and escape from aircraft 
including hygiene, nutrition, and preventive 
medicine must also be taught. 

As a part of his administrative duties, the 
Flight Surgeon will serve on boards investigat- 
ing causes of aircraft accidents. He will act as 
an advisor to the commander on matters pertain- 
ing to health and sanitation and will maintain 
liaison with military and civilian medical agen- 
cies regarding aviation medicine. 

The general activities which comprise the 
practice of aviation medicine are specified in 
AFM 36-1. 
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It should be clearly understood that the term 
"Flight Surgeon" may refer to a duty assignment 
or may be used as a rating title. 

This difference becomes more clearly apparent 
when it is realized that only medical officers 
with the designation of Flight Medical Offi- 
cer or the rating of Flight Surgeon may per- 
form the duty assignment of Flight Surgeon, 
AFSC 9356, Medical Officer Aviation Medicine. 

For criteria in attaining designations and rat- 
ing, see AFM 35-13. Eligibility for flying status 
for nonrated officers and warrant officers is con- 
tained in it also. 

The Aerospace Medicine 
Training Program 

Thc^ most important requirement for selecting 
trainees in aerospace medicine is the individ- 
ual's preference for a specffic professional career 



and his intention to remain in that field. Since 
it is not anticipated that any consideraHe lati- 
tude will be permitted in cross-training between 
specialties, assurance that this primary require- 
ment is met will necessitate that the applicant 
so affirm in wi-iting, and be recommended in 
writing by intermediate surgeons regarding mo- 
tivation, professional competency, suitable per- 
sonality, and sound character. 

The prerequisite qualifications for the primary 
and advanced aerospace medicine courses are 
given in the following paragraphs. 

Primary Course 

The prerequisites for the Primary Course in 
Aerospace Medicine are as follows: 
1. Regular Officers and Reserve or National 
Guard Medical Officers must have at least 12 
months active duty remaining after completion 
of course. This is in addition to any other un- 
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discharged obligation for service resulting from 
other training at federal expense, 

2. Six months service or completion of "Basic 
Orientation Course for OiBcers of the Medical 
Service* (at Gunter Air Force Base, Alabama, 
or Brooks Air Force Base, Texas). 

3. PhysicaUy qualified for flying and the pre- 
sentation of written statement of vifillingness to 
fly. 

4. Must not be over 34 years of age upon en- 
trance into course. 

5. Completion of not more than one year 
residency in another specialty unless selection is 
specifically indicated for assignment to teaching 
or research in aerospace medicine, or for staff 
position, and if exception is approved by the 
Surgeon General. 

6. Possess clearance for security information 
classified up to and including secret. 

Advanced Training, Aerospace Medicine 

Following the prerequisite training of the 
Primary Course in Aerospace Medicine and at 
least nine months practice in the aviation medi- 
cine field, the aviation medicine program lead- 
ing to board eligibility is divided into the fol- 
lowing four phases and given in the sequence 
indicated: 

I. Graduate course in pfeveiitiVe medicine at 
a civilian university. 

II. Advanced Course in Aerospace Medicine 
at the School of Aerospace Medicine. 

III. One year of residency in aviation medicine 
at a designated command. 

IV. Two years of supervised practice of aero- 
space medicine. 

The following prerequisites apply to selection 
for the aerospace medicine training program: 

1. Reaffirmation of applicant's intention to con- 
tinue his career in the aviation medicine 
specialty. 

2. Duty for 9 months in aviation medicine 
following satisfactory completion of the Primary 
Course in Aerospace Medicine. 

3. Physically qualified for flying and the 
presentation of a written statement of willing- 
ness to fly. 

4. Must not be over 35 years of age or above 
the rank of major at time of entrance into the 
prpgram. 

5. Must be an officer of the regular service. 

6. Must agree to serve two years after the com- 
pletion of the graduate course in preventive 
medicine and one additional year for each 
additional year of formal training. This agree- 
ment must be in addition to any other undis- 



charged obligation for service resulting from 
other training at federal expense. 

7. Be recommended by a board of three Flight 
Surgeons as to suitability, motivation, and 
adaptability for advanced traiaing of this type. 

8. Must meet appropriate civilian university 
graduate school requirements. 

Assignment of Medical Officers, 
Aviation Medicine AFSC 9356 

Assignment of officers trained in aerospace 
medicine should be on the same basis as for 
officers trained in other professional specialties. 
The proficiency suffixes (D, C, B, and A) at- 
tached to this AFSC closely correspond to the 
proficiency suffixes for other specialties. 

After completion of the course in aerospace 
medicine as prescribed by the Surgeon Gen- 
eral, officers are awarded the AFSC 9356 and 
should be assigned to positions primarily de- 
voted to aerospace medicine. This position 
should normally be one requiring participation in 
frequent and regular aerial flights. Earning the 
aeronautical rating of Flight Surgeon is required 
to establish eligibility for the awarding of the 
"D" sufiix and constitutes a prerequisite for more 
advanced formal training in the specialty of 
aerospace medicine. 

A proficiency level "C" identifies those officers 
who have either completed an approved resi- 
dency or fellowship of sufficient duration to meet 
formal requirements for board certification or 
have had professional duty or practice which is 
considered an acceptable equivalent to formal 
training. 

A proficiency level "B" identifies officers who 
have completed the entire formal training 
program, including at least two years of super- 
vised practice of aerospace medicine after the 
formal training requirements have been fulfilled 
and have been certified by the American Board 
of Preventive Medicine in the specialty of 
Aerospace Medicine. 

A proficiency level "A" identifies officers who 
have achieved national prominence and are rec- 
ognized as authorities in the specialty of aero- 
space medicine. Previous award of the "B" pro- 
ficiency level symbol is mandatory. Award of this 
proficiency level symbol in the speciahzed field 
of aerospace medicine will, in addition, denote 
outstanding ability in the field of military medi- 
cine as demonstrated by experience at all 
echelons of command. 

The aerospace medicine training program 
closely parallels the training program of other 
specialties leading to board qualification. 

Suggested assignments for medical offioers, 
aerospace medicine, are as follows: 
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9356 B 



9356 A or B 



Assignments AFSC 
Squadron Surgeon (flying units) 9356 C or D 
Chief Aerospace Medical Service 9356 B or C 
(Base level). Group, Wing, Base, 
or Air Division Surgeon 
Air Force or Major Air Command 
Surgeon, and other senior posi- 
tions involving aerospace medi- 
cine in teaching, research, or staif 
capacity 

Any other senior position 

Officers who complete the aerospace medicine 
training program should be assigned to positions 
primarily devoted to aerospace medicine, which 
reqiiires participation in frequent and regular 
aerial flights. They should be assigned to such 
duties as; 

1. Staff duties in aerospace medicine. 

2. Besearch in aerospace medicine. 

3. Teachers in aerospace medicine, 

4. Surgeons at any command level when 
sufficient experience has been gained. 



In addition to these opportunities, the Air 
Force conducts a six-week course in flight nurs- 
ing. To be eligible for this training, the nurse 
must be between 21 and 36 years of age; physi- 
cally qualified for flying; and be willing to 
participate in frequent aerial flights both dmring 
and subsequent to their training. Nurses who 
successfully complete this course of training, 
given at the iSchool of Aerospace Medicine, are 
designated as FHght Nurses and they are eligi- 
ble to wear the Flight Nurse badge. Fh^t 
Nurses receive hazard pay as crew members 
only while they are assigned to air evacuation 
duty. The Training course for the Flight Nurse 
is open to both Regular and Reserve Air Force 
nurses. Students are assigned on a temporary 
duty basis and on completion of the courses are 
returned to their permanent duty stations. This 
method serves two purposes: first, it affords 
more nurses an opportunity to rotate to both air 
evacuation and hospital duty during their Air 
Force career and, most important, offers an ever 
ready source of available designated flight 
nurses for future emergencies. 




The Air Force Nurse 



In the Medical Service the Air Force Nurse 
stands beside the other professional members 
of the aeromedical team, contributing their share 
to the advances made in everchanging global 
medicine. 

An officer in the Air Force Nurse Corps, if 
qualified through experience and training, may 
be assigned as a general duty nurse, a nurse 
administrator, an operating room nurse, a psy- 
chiatric nurse, or a nurse anesthetist. 

Qualified Air Force nurses may apply for a 
course in anesthesiology at military and civilian 
hospitals. Nurses with experience in operating 
room, obstetrics, and nursing service administra- 
tion may apply for advanced courses in these 
specialties at various civilian universities. Each 
year a limited number of qualified nurses are 
sent to civilian umversities to complete require- 
ments for undragraduate and graduate degrees 
in nursing. 



Medical Officers in 
Special Fields 

Two very important special fields of medical 
work in the USAF are that of the medical officer 

in preventive medicine and that of the medical 
officer in radiological defense. The following 
briefly describes the qualifications and duties of 
the Medical Officer, Preventive Medicine; and 
the Medical Officer, Radiological Defense. 

Medical Officer, Preventive Medicine 

The Preventive Medicine Officer is responsible 
for managing preventive medicine programs in- 
cluding control of preventable diseases and 
improvement of health and medical protective 
measures against atomic, biological and chemical 
warfare. 

His duties fall into two categories : he manages 
preventive medicine programs; he performs tech- 
nical preventive medicine functions. As a part 
of the preventive medicine program he must 
plan control measures against communicable^, 
tropical and other preventable diseases and 
injuries. He must maintain liaison with passive 
defense officers, public health services, and local 
medical authorities to ensure integration of all 
medical defensive measures in event of atomic, 
biological or chemical attacks. He is responsible 
for recommending appropriate measures for 
eradicating environmental health hazards relat- 
ing to water supply and sewage, refuse, and 
waste disposal. He plans and directs preventive 
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medicine training of medical personnel and pub- 
lic health education of military and civilian 
personnel. He must also be responsible for the 
development of health improvement programs 
for military personnel. 

His technical preventive medicine functions 
include inspections and surveys to determine 
adequacy of control of commimicable, tropical, 
and other preventive diseases. He reviews pre- 
ventive medicine literature. He analyzes the 
incidence of infectious diseases among troops 
and adjacent civilian populace and attempts to 
determine significant factors influencing morbid- 
ity and mortality from disease or injury. 

He conducts research in various aspects of 
preventive medicine including identification and 
prevention of tropical and other infectious dis- 
eases. It is his responsibility to recommend 
administration of drugs for suppressive ti'eat- 
ment of malaria and other insect-borne diseases. 
Technical functions in connection with atomic, 
biological and chemical defense are also part 
of his duties. 

The Preventive Medicine Officer has the 
AFSC 9336. In addition to being a physician, 
he must have a minimum of four years profes- 
sional duty or practice, or a master's degree in 
public health and two years professional duty 
or practice in preventive medicine. 

Medical OfTtcer Radiological Defense 

The medical officer concerned with radiologi- 
cal defense administers the medical aspects of 
the radiological defense program. His duties and 
responsibilities are threefold: he formulates med- 
ical policies and procedures for radiological de- 
fense; he coordinates and monitors medical 
aspects of the radiological defense program. 

In formulating policies and procedures for 
radiological defense he must determine the 
maximum permissible exposure of individuals to 
radiations and establish allowable levels of radio- 
active materials in air, food, and water. He Is 
responsible for plans to evacuate and treat vic- 
tims of radioactivity and he must formulate 
specifications for the physical examination of 
personnel handling radioactive material. 

Procedures for procurement, storage, use, and 
disposal of radioactive materials are devised by 
the Medical Officer, Radiological Defense. The 
materiel and personnel requirements for opera- 
tion and maintenance of radiological defense 
medical facilities are determined by him and 
he plans replacement of necessary equipment 
and supplies. 

As coordinator of the medical radiological de- 
fease program he advises the commander and 
appropriate staff personnel regarding location, 



evaluation, and disposition of radiation harards, 
integration of medical disaster plans and decon- 
tamination facilities. He confers with appropriate 
personnel and attends meetings pertinent to the 
medical phase of radiological defense. 

He monitors the issuance, use, receipt, re- 
cording and interpretation of dosimetric devices 
such as film badges, pocket ion chambers, and 
integrating meters. He is also responsible for 
developing and testiTig new methods and tech- 
niques for the detection, prevention, and control 
of radiation hazards. The preparation of man- 
uals, inspection reports, and articles for publica- 
tion in professional journals on this phase of 
medicine are also a part of his duties. 

The Medical Officer, Radiological Defense 
(AFSC 9646), must have had professional prac- 
tice or received intensive formal training in this 
specialized field. 

A postgraduate course in Radiobiology is 
sponsored by the Armed Forces Special Weap- 
ons Project. Ten months of formal training in- 
cludes a course at Reed College and on-the-job 
training in Industrial Health Physics at the Han- 
ford Works, Atomic Energy Commission, Han- 
ford, Washington. Two months of special 
medical orientation is given at the Nevada Test 
Site and Sandia Base. A course of five-weeks 
length is given at the Walter Reed Army In- 
stitute of Research. 

Qualified medical officers are being offered 
training for a career in nuclear medicine or 
research. Advanced degrees, including a Ph.D., 
may be earned in a program of three or fom' 
years of training at outstanding imiversities. In 
the training program some experience may be 
obtained through a year or two of work at an 
Atomic Energy Commission Laboratory. 



Assoc! oted Personnel 

There are a number of personnel in the USAF 
with whom the Air Force medical officer will 
have close professional eontact. Two important 
personnel are the Aviation Physiologist and the 
Sanitary and Industrial Hygiene Engineer. 

Aviation Physiologist 

It is the Aviation Physiologist who conducts 
research in aviation physiology and develops 
and improves physiological aids for aircrew per- 
sonnel. One of the more important aspects of 
his job is research in aviation physiology. He 
must conduct tests in simulated or actual flight 
to determine protection afforded against cen- 
trifugal forces, the effects of flight on the human 
organism, the physiological effects of exposure 
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to heat, cold, radiation, explosive decompression, 
t05dc gases, sound and vibration,' 63cygen require- 
ments at various altitudes; and human limita- 
tions and responses to acceleration, ascent, and 
descent. The data gathered through these tests 
must then be compiled and interpreted by him. 
He must also aid in the development and im- 
provement of physiological aids such as anti-g 
suits and protective helmets. 

The Aviation Physiologist instructs Flight 
Nurses, Physiological Training Officers, and air- 
crew personnel in aviation physiology. 

He participates in aviation physiology re- 
search, evaluates trends in military aviation, 
and suggests fields where additional or basic 
research in physiology is required to meet an- 
ticipated developments. 

The Aviation Physiologist should have a 
bachelor's degree in physiology, biology, bio- 
physics, or psychophysiology. It is mandatory 
that his experience include fundamental and 
applied physiological research and development 
of physiological aids for aircrew personnel. 

Sanitary and Industrial Hygiene Engineer 

The Sanitary and Industrial Hygiene En- 
gineer, Staff (AFSC 9116), administers environ- 
mental hygiene programs by application of 
engineering principles. He recommends plans 
for establishment of new and modification of 
existing environmental sanitation facilities per- 
taining to engineering aspects of water supply, 
sewage^ refuse and waste disposal, insect and 
rodent control, housing, food service, and in- 
dustrial hygiene. He advises air installation per- 
sonnel on sanitary and industrial hygiene 
engineering aspects of construction and mainte- 
nance projects and activities. He coordinates 
environmental sanitation plans and policies and 
monitors the environmental hygiene program. 

The Sanitary and Industrial Hygiene En- 
gineer (AFSC 9124), as a member of the 
Preventive Medicine team, conducts surveys of 
installations and facilities to ascertain adequacy 
of measures for control of environmental health 
hazards. He instructs personnel in environmen- 
tal sanitation practices and methods applicable 
to promotion of individual health. He coordinates 
the environmental sanitation progiam and di- 
rects environmental sanitation activities. It is 
his duty to advise the Preventive Medicine Offi- 
cer on engineering methods of control and 
prevention of contagious diseases caused by un- 
sanitary conditions. He reports detrimental en- 
vironmental influences and recommends correc- 
tive action to ensure effective water purification, 
sewage and industrial waste disposal, insect and 
rodent control, and an Industrial hygiene pro- 
gram. 



Other Personnel 

Other personnel in the USAF with whom the 
Air Force medical officer will have close contact 
are officers of the Medical Service Corps, Den- 
tal Corps, Veterinary Corps, Medical Specialist 
Corps, and other specialists. Included among 
these are: 

Medical Administrative Staff Officer 

Medical Services Administrator (Executive 

Officer) 

Medical Supply Officer 
Medical Supply Staff Officer 
Pharmacy Officer 
Optometry Officer 
Medical Entomologist 
Nutrition Officer 
Clinical Laboratory Officer 
Psychiatric Social Worker 
Dietitian 

Occupational Therapist 
Physical Therapist 
Nurse, Administrative 

Nurse, Psychiatric 
Nurse, Operating Room 
Nurse, Anesthetist 
Nurse, General 

Survival Training and Personal Equipment 

Officer 

Information regarding their qualifications and 
assigned duties is available in Air Force regu- 
lations. 



Medical Airmen 

The Flight Surgeon is often called upon in the 
course of his routine duties to counsel and advise 
medical airmen who want to avail themselves of 
tlie opportunities offered in the medical career 
field. 

Medical airmen make up the majority of 
the Flight Surgeon's direct, subordinate assist- 
ants, and it is essential that these assistants 
be as highly trained as their personal quahfica- 
tions will allow. Therefore, it is the duty of the 
Flight Surgeon to offer them as much inspiration 
and guidance from his broader experience as 
possible. The Flight Surgeon will in all likelihood 
derive much personal satisfaction from working 
in this way, not only Ijecause it aids the Medicsd 
Service directly, but because it affords the in- 
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telligent, ambitious medical airman an oppor- 
tunity to progress to the full extent of his 
ability. 

Some medical airmen are specifically trained 
for aeromedical duties to satisfy special require- 
ments of the Air Force, quite apart from the 
requirements for those technicians common to 
the Medical Services of all military organizations. 

Training courses for all airmen medical special- 
ties are provided at Air Force, Navy or Army 
Service Schools. Detailed ififormation on en- 
trance requirements, duration of courses, and 
additional data are contained in the i7SAF Train- 
ing Prospectus, AFM 5(KS. 

The medical career field offers the enlisted 
man a wide range of opportunities to advance 
himself in tine of the medical specialties. At the 
same time it assures the Flight Surgeon a staff 
of medical personnel which is both competent 
and tailored to Air Force requirements. 



Progression in Medical Specialties 

The Airman Medical Career Field Chart 
shows in graphic form the various opportuni- 
ties in medical specialties which are available 
to enhsted men. Airmen who prove themselves 
capable of progressing the entire length of their 
chosen specialty ladder may then qualify as 
Medical Service Superintendent, with the rank 
of Chief Master Sergeant (E-9). Others may 
reach their peak level of alDility at some step 
short of the top but will have the satisfaction of 
working in a field of chosen interest and will 
still contribute materially to the well-balanced 
medical organization. 

The progress of all medical airmen to the 
highest level of their abilities depends to a great 
extent upon meticulous evaluation and classifica- 
tion by supervisory officers. Carelessness brings 
about an inequality of progression, seriously 
jeopardizing the morale of the men and the 
effort of the entire unit. The relative competency 
of the medical units to which the medical air- 
men are assigned is directly related to training, 
evaluation, and classification. The excellence or 
the ineffiiciency of the efforts of medical airmen 
is a direct reflection of the capabilities of tiie 
Flight Surgeon. It can be recognized, then, that 
these are important command responsibilities. 

The responsible officer, when making recom- 
mendations for the promotion of airmen, must 
give careful consideration to the levels of skill 
of the individual, botii present and potential. 
He must keep in mind the fact that the burden 
of training and supervising will fall upon senior 
noncommissioned oflScers. 



The Basic Medical Airman 

The basic medical airman assigned to a medi- 
cal unit directly from an Air Force basic training 
installation will normally have received 12 weeks 
of basie military and mBdical training. Of this 
time, approximately four weeks are devoted to 
fundamental or basic medical training. Emphasis 
is placed upon emergency care and treatment 
of disaster casualties plus patient care. Also 
stressed is the "self" and "buddy" care concept. 

Selection of these airmen for medical assign- 
ments is based on the following factors : 

1. Airman's education, occupational experi- 
ence, academic and physical qualifications or 
hmitations, hobbies actively engaged in, and 
indicated preference. 

2. Airman's highest aptitude indexes. 

3. AFQT mininiums desired for entry into 
career fields, and career field subdivisions. 

These basic airmen are classified as a Medical 
Helper (AFSC 90O10). Subsequent progression 
from this levfel into any one of the medical 
specialties will depend upon the military re- 
quirements, the expressed preference of the air- 
man, and the qualifications required for entrance 
into the selected specialty ladder. His progres- 
sion may be accomplished either by successful 
completion of a formal training course or of an 
OJT course in that specialty. 

Prior to permanent assignment and upon com- 
pletion of basic training many quaUfied medical 
airmen are sent to the Medical Field Service 
School, 0SAF, Guntef^AFBr-AIabama, or the 
School of Aerospace Medicine, Brooks AFB, 
Texas. Here they receive additional technical 
training in the various airmen specialties of the 
medical service. 

Medical Specialists with Fixed and 
Mobile Air Force 

The Air Force medical specialty codes are the 
same for both fixed and mobile medical units. 
There are, however, actual differences in the 
equipment and the conditions under which the 
men work. Thus, the specialist of either a fixed 
or mobile unit may not be able to carry out the 
duties of the other without additional training. 
The medical specialist training courses are de- 
signed to prepare students for duty with both 
mobile and fixed units. Not all phases of field 
training with field equipment can be carried 
out in these courses so that, where necessary, 
this additional training becomes the responsibil- 
ity of the unit surgeon, 

Aeromedical Technician 

The aeromedical technician is the Flight 
Surgeon's enlisted assistant and is trained to aid 
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him ill two distinct areas; in the Flight Surgeon's 
office and in aeromedical research. 

Tlie training course for the aeromedical tech- 
nician is conducted at the USAF School of 
Aerospace Medicine, Brooks AFB, Texas, and 
is designed to provide graduates who are quali- 
fied to assist the Flight Surgeon in the following 
duties: 

1. Performing sub-professional phases of 
medical care and treatment, and giving emer- 
gency medical or survival care to casualties. 

2. Supervising the administrative functions 
of the Flight Surgeon's office. 

3. Giving technical and medical assistance 
in radiological defense. 

4. Assisting the Flight Surgeon when he is 
engaged in supervising the physiologkal training 
program. 

Aeromedical Technician Levels 

Classification and progression levels for the 
aeromedical technician, from ground level to the 
top of the career ladder are shown in the chart 
progressing through 90170. 

The aeromedical technician who has accumu- 



lated a full background in aeromedical duties is 
neanng the peak of his career. He may progress, 

depending upon individual qualifications and 
Air Force requirements, to the rank of Chief 
Master Sergeant. 

OtKer Spedalisls in 
Air Force MecHcal Units 

The nonmedical specialists of medical units 
are frequently called upon to help perform some 
medical duties and should be given basic train- 
ing with the unit. This is most essential in tacti- 
cal medical units where each man should possess 
a degree of proflcienc) equal to that of the 
skilled medical helper, regardless of his primary 
Air Force specialty ( PAFS ) . 

Tlie nonmedical specialists of medical units 
are listed in Unit Manning Document (UMD) 
or Organization Table (O/T), and in general 
consist of such auxiliary personnel as clerks, 
cooks, electricians, mechanics, and motor trans- 
portation specialists. iTiese specialists are also 
classified with nonmedical Air Force Specialtv 
Codes (AFSC) and wiU be found in AFM 35-1, 
in the specific career fields. 
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AFR 0-2 & 0-3 Numerical Index of Administrative PubUcations 

AFR .36-12 Administrative Separation of Commissioned Officere and Warrant 

Officers of the Air Force 
AFR 36-16 Appointment of Officers in tlie Regular Air Force ( Nurse and Med- 
ical Specialist) 

AFR 36-21 Appointment of Medical and Dental Officers in the Regular Air 
Force 

AFR 36-31 Appointment of Officers in Regular Air Force {Y^mi6^ «nd Mssd- 

ical Service Officers ] 
AFR 50-27 Air Force Pliysiological Training Program 
AFR 53-4 USAF School of Aerospace Medicine 
AFR 80-22 Clinical Research 
AFR 160-69 Aircrew Effectiveness Program 
AFM 35-1 Airman Classification Manual 

AFM 35-10 Service and Dress Uniform for Air Force Personnel 
AFM 35-H Military Personnel Assignment Manual 

AFM 35-13 Flying Status, Aeronautical Ratings, Designations, and Parachute 

Jump Status 
AFM 36-1 Officers Classffication Manual 

AFM 36-5 Appointment of Officers in tfie United States Air Force or as Re- 
serves of the Air Force 
AFM 160-1 Medical Examination 
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Training of Non-Mecfico/ 



Personnel 



One of the most important responsibilfties of 
the Flight Surgeon is his role in the training 
program of his unit. Training is a continuing 
requirement in all Air Force organizations and 
the absence of a vigorous and well-planned pro- 
gram is the most frequent cause of inefficiency 
and noneffectiveness. It is the responsibility of 
the Flight Surgeon to advise his commander 
about the amount and type of medical training 
rieoessary for his unit. Normally, however, med- 
ical service personnel will not conduct the train- 
ing in nonmedical units. 

Air Force units as a whole must possess the 
ability to operate under both permanent and 
field conditions in a manner intended to con- 
serve manpower by knowledge and observance 
of the basic facts and rules regarding personal 
hygiene, communicable diseases, militaiy sanita- 
tion, first aid, and phy.siology of flight. To main- 
tain this ability, nonmedical officers and non- 
commissioned officers of the unit are required 
to possess and exercise a teaching and su- 
pervisory knowledge of the subjects just listed. 
However, at times it may be necessary to "sell" 
the commander on the importance of some 
types of medical training, and to render consid- 
erable assistance in the carrying out of the pro- 
gram. Full command cooperation must always 
be secured. 

Fields of Training 

Tliere are two broad fields of training of con- 
cern to the unit flight surgeon. They are medical 
training and indoctrination of aircrew and non- 
medical supporting personnel, and the technical 
training of medical personnel. Each of these 
fields is discussed later in this section. 



Requirements of Training Program 

There are many important considerations 
which must be faced in order to develop a 
successful medical training program for non- 
medical personnel. The first requisite, that of 
obtaining full command cooperation, has al- 
ready been mentioned. The Flight Surgeoa must 
lend both moral and substantive suppoft to the 
command element of his organization. Without 
this, the willing cooperation of unit officers and 
noncommissioned officers in the organization 
will be difficult to obtain. The second requisite 
is that a definite training schedule should be 
established. This of course involves the deter- 
mination of total time available for training and 
coordinating with command, operations, and ad- 
ministrative elements of the unit It is ncffmally 
effected through the plans and training section 
of the organization. 

It may at times be desirable and even neces- 
sary to combine some of the medical training 
activities with other training or indoctrination. 
For example, many medical training require- 
ments may be accomplished at flying safety 
meetings or at operations briefings. When com- 
bined periods are used, extreme care must be 
exercised in properly integrating the subject 
matter and using proportionate time wifli the 
cooperating activity. 

The third important consideration is that of 
determining what is to be included in the train- 
ing program and what its objectives shall be. 
The type of unit and its current status of medi- 
cal training proficiency will be the greatest de- 
termining factor. An additional, and sometimes 
absolute, factor will be the time available for 
training. The Flight Surgeon must determine 
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what types of medical training are needed most 
by his unit. The most critical requirements must 
be met first; the less pressing needs may be ful- 
filled in due time. It must be recognized that 
medical training requirements may vary with 
the situation as well as with the type of imit. 
It must also be kept in mind that certain types 
of medical training as first-aid procedures, fof 
example, must frequently be repeated to main- 
tain an acceptable sustained level of proficiency. 
Once it has been decided what types of medical 
training are most essential and what the rela- 
tive temporal and sequential emphasis will be, 
then the best methods of carrying out the train- 
ing programs must be selected and utilized. 

Methods of Training 

Modem concepts of education indicate that 
learning progresses most rapidly when flie "task 
performance" and "on-the-job" methods are util- 
ized under the immediate supervision of a 
responsible individual. This method is best 
adapted to the professional and technical train- 
ing of medical personnel but will frequently be 
difficult to use in the medical indoctrination of 
nonmedical personnel. The next most efficient 
method is the combination of training aids and 
informal explanatory lectures. This method is 
probably best suited for the medical indoctrina- 
tion of nonmedical personnel. The least efficient 
method is the didactic lecture. Whatever the 
method used, ft is a fundamental requirement 
that the instructor know thoroughly the subject 
he is to teach. He must carefully prepare his 
material and present it in a simple, practical 
form adapted to the respective audience level. 

The adaptation of the subject matter to the 
audience is the final and a most important 
requisite in a successful training program. The 
audience must always be kept in mind and 
every effort must be made to appreciate the 
limitations of the student with regard to medical 
knowledge. Attention must also be directed 
toward motivation of the audience. The student 
must be properly motivated, his attention must 
be captured and held, and his ability to retain 
the subject matter presented must be cultivated. 
Learning is a process of individual growth 
toward desired goals. Optimum learning occurs 
when the learner is self-motivated toward goals 
which he recognizes as desirable. Conversely, 
blocks to learning are created when the learner 
fails to recognize reasons for assigned learning 
tasks. This is particularly critical in the technical 
training of medical personnel which is accom- 
plished through on-the-job training programs. 
Although training is most effective in "on-the- 
job" situations, it is imperative that each on-the- 
job situation be in a framework of desired goals 



and desired experience to achieve greater goals. 
Rote learning of a given task usually results only 
in rote performance; whereas learning to per- 
form a routine task in order to achieve greater 
goals results in higher quality performance. 

In any on-the-job situation, two aspects must 
be carefully and critically analyzed: the learner 
and the situation. What is the knowledge, skill, 
and abihty of the potential learner? What are 
the steps or phases of the situation to be 
learned? What knowledge do they requh-e? 
What skills are to be mastered? If the task to 
be performed requires a high degree of coor- 
dination, does the potential learner possess the 
necessary capacity? Such analysis by the super- 
visor and assignment of "steps" in the learning 
process will expedite continuous, systematic 
growth on the part of the leamer. 

Careful analysis of the situation and of the 
learner's potential may reveal the Deed for back- 
ground information, explanation, or acquisition 
of a basic skill on the part of the leamef . In this 
situation, combinations of informal lectures, as- 
signed study, practice, use of training aids, in- 
formal quizzes, or performance tests are recom- 
mended. 

Where learners are to be taken in large 
groups, it must be recognized that the didactic 
lecture alone is the least effective method. Sup- 
plementary use of training aids (training films, 
slides, film strips, graphs, charts, and mock- 
ups) is imperative. These should be related to 
the "lecture" at the psychologically appropriate 
time. It must be recognized, also, that a training 
aid should never be used alone, as its subject 
matter needs to be explained and enlarged 
upon. Previous explanation regarding the pur- 
pose of the aid — what to expect, what to look 
for — must be given. After the aid has been 
used, a question and answer period should fol- 
low to ensure tiie success of the learning situa- 
tion and that the leamer is able to apply his 
knowledge to a real situation. 

Catalogues of training aids are available, and 
channels are provided in every command for 
their procurement. AFP 95-2-1, Air Force Film 
Directory, lists all Air Force films and film strips, 
including medical. 

Supervisors assigned to teaching situations or 
those who wish to institute training programs 
for the improvement of assigned personnel 
should be familiar with AFM 50-9, "How to In- 
struct." In addition^ "Principles and Methods of 
Instruction," a course available at the USAF 
Extension Course Institute (Air University), 
will be profitable in clarifying principles and 
procedures in training methods. For an out- 
standing example of lesson plans and detailed 
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delineation of steps therein, the supervisor 
might study AFM 146-7, "Instructor's Guide — 
Sanitary Techniques and Personal Hygiene," as 
a prototype. In addition to slides, film strips, 
and films available through routine Air Force 
channels, the following sources of training aids 
may be utilized: 

1. Audio- Visual Aid Catalogue (Medical), 
Armed Forces Institute of Pathology. 

2. Cumulative Index, Professional Motion Pic- 
ture Films. Academy International of Medicine 
and Academy International of Dentistry. 

3. Audio-Visual Annual Index, College of Phy- 
sicians and Surgeons. 

4. Index, Medical Audio- Visual Institute. 



Medical Indoctrination 
and Training of Aircrew 
and Nonmedical 
Supporting Pereonnel 

The Flight Surgeon has technical responsibili- 
ties in many areas of unit training. These re- 
sponsibilities are outlined in AFR 160-69. Any 
training activity which is concerned either di- 
rectly or indirectly with the individual's efH- 
cienoy, morale, general welfare or mental and 
physical well-being will require variable degrees 
of medical participation or supervision. 

Some of the more important areas of training 
and indoctrination having medical implications 
are the following: 

1. Physiological training program 

2. Survival training and personal equipment 
program 

3. Personal hygiene and sanitation 

4. Mental hygiene 

5. First aid 

6. Medical aspects of ABC warfare 

7. Physical fitness program 

8. Flying safety program 

9. Ground safety program 

The general requirements for each of these 
areas are outlined on the following pages. In 
some instances where it is considered desirable, 
brief outlines of suggested programs are includ- 
ed to aid the Flight Surgeon. Appropriate refer- 
ences for subject matter or training aids are in- 
cluded either within the text or in the list of 
references at the end of this subsection. For the 
most part, however, it is up to the Flight Sur- 
geon to determine the type and scope of the 
individual prograrn based on the needs of his 
unit and on the information and guidance he 
gets from his manual and his reference sources. 



Physiological Training Program 

It is absolutely essential that a continuing 
program of training in the physiology of flight 
be maintained for all flying personnel. The ini- 
tial training is accomplished by the Air Training 
Command in accordance with AFR 50-27. It is 
necessary, following this initial training, to give 
further training within the operational unit in 
order to satisfy requirements peculiar to the 
type of aircraft flown and to the operational 
tactics of the unit. In addition, it will be neces- 
sary to give periodic refresher training to main- 
tain an optimal level of "physiological flying 
proficiency." This level must be evaluated by 
the individual Flight Surgeon either by formal 
means such as a questionnaire or by informal 
discussion and questioning. 

The Flight Surgeon may be assisted in this 
activity by an aviation physiologist, or by com- 
petent officers or airmen qualified in the physio- 
logical training subdivision of the medical career 
field. Training must include all aspects of the 
physiology of flight, such as the effects of high 
speed and high altitude, escape problems, noise 
problems, equilibration, temperature problems, 
and toxic substances. All these subjects are dis- 
cussed at length elsewhere in this manual. In 
most instances the greatest emphasis should be 
placed on high altitude physiology. Important 
source material and instructional aids for train- 
ing in this area are listed in the references. 
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Survival Training ond Personal 
Equipment Program 

The survival training and personal equipment 
program concerns the day-to-day operational 
supervision of all flying pereonnel in the proper 
use and care of personal protective and survival 
equipment and in the technique of certain 
emergency procedures. While the primary re- 
sponsibility for this program belongs to survival 
training and personal equipment personnel, tlie 
Flight Surgeon is nevertheless intimately con- 
cerned and is often required to carry out large 
segments of the instruction. The whole gamut 
of personal protective and survi-\'al equipment 
and procedures is covered in this area. 

Personnel in the survival training and person- 
al equipment area have two responsibilities: 
one is to see that the protective equipment is 
in adequate supply and functional; the otiier 
is to see that personnel use the equipment 
properly. Assurance mtist be given that all flying 
personnel are well trained in the use and func- 
tioning of all oxygen equipment; anti-g equip- 
ment; protective goggles, helmets, clothing; 
ejection seats; restraining harness; parachutes; 
emergency and survival kits; flotation, raft, and 
other equipment. It is also necessary that all air- 
crew members are well instructed and trained 
in all emergency procedures such as Ijailout, 
ditching and crash landing; avoidance of health 
hazards in survival situations including jungle, 
desert, arctic, and sea. 

An excellent source of information on sur\'ival 
training and personal equipment is AFM 64-4, 
Handbook for Personal Equipment Personnel. 
Chapter 1 of this manual discusses this subject 
at some length. Other references are also listed. 



Personal Hygiene and Sanitation 

The ability of an operational unit to remain 
effective under field conditions is dependent to 
a great extent upon how well its personnel have 
been indoctrinated and trained in the principles 
of military' hygiene and sanitation. Poor sanita- 
tion may result in the complete failure of an 
operational unit to accomplish its mission. Ade- 
quate knowledge on the part of the medical 
personnel only of a unit is not sufficient to pre- 
vent serious breaches in the practice of field 
sanitation. 

All personnel must be properly trained and 
full command cooperation should back the ef- 
forts of the Flight Surgeon and his assistants. 
While this indoctrination is essential for aU 
members of the Command, it can be most criti- 
cal for aircrew personnel in the maintenance of 
their fitness for flying and in safeguarding their 
health under survival situations. 

Training program. The following is an out- 
line of a program for meeting the minimum 
requirements for training in personal hygiene 
and sanitation: 

1. Anatomy and physiology 

Brief outline of structure and function of body 
parts and organ systems, followed by a question 
period and discussion, 

2. Personal hygiene 

a. Maintenance and fitness 

( 1 ) Diet and nutrition 

(2) Sleep 

( 3 ) Recreation and athletics 

b. Care of the body 

( 1 ) Cleanliness and skin care 

(2) Care of the feet 
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(3) Care of mouth, teeth, hair, and 
nails. 

( 4 ) Care of clothing 

3. Diseases of military importance 

a. Respiratory diseases 

(1) Examples, modes of transmissions 

( 2 ) Useful control procedures 

b. Intestinal diseases 

(1) Examples, modes of transmission 

( 2 ) Useful control procedures 

c. Venereal diseases 

( 1 ) Symptoms, mode of spread, seque- 
lae if inadequately treated: avoid- 
ance, prevention, and treatment; 
importance of information on con- 
tacts. 



d. Insect and rodent borne diseases 

( 1 ) Examples, modes of spread 

(2) Mosquito control and malaria dis- 
cipline 

( 3 ) Principles of rodent control 
4. Field sanitation 

a. Insect control in the field 

b. Water purification in the field 

c. Field sanitary devices 

(1) Latrines 

(2) Garbage and waste disposal pro- 
cedures 

(3) Soalcage pits for liquid waste dis- 
posal 

( 4 ) Improvised bathing facilities 

(5) Improvised laundry facilities 
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1 am an American fighting man. I serve in the forces 
which guard niy country and our way of life. I am prepared 
to give my life in their defense. 





I will never surrender of my own free will. If in com- 
mand I will never surrender my men while they still have 
the means to resist. 



If I am captured I will continue to resist by all means 

available. I will make every effort to escape and aid others 
to escape. I will accept neither parole nor special favors 
from the enemy. 



Figure 53-4. Code of Conduct 



Mental Hygiene 

The requirements for a mental hygiene pro- 
gram will necessarily vary with the type of unit. 
An organization composed principally of "new" 
airmen, fresh from civilian life, as for example 
a basic training unit, may have a requirement 
for a rather extensive and fomial program to 
assist in the initial adjustment of large groups 
to military life. On the other hand an operation- 
al or combat unit composed of seasoned per- 
sonnel may have a requirement only for a limit- 
ed program dealing with specific factors, such 
as fear in combat, and even this may be satisfied 
on a more or less individual basis. 

Regardless of the unit requirements, however, 
it is definitely recognized that the Flight Sur- 
geon must play the key role in assuring that a 
healthful state of mental hygiene prevails in his 
organization. Whether the Flight Surgeon has a 



flair for conducting extossive group mental hy- 
giene indoctrination programs or a bent for the 
accomplishment of this activity on an informal 
daily contact basis, he must still consider this 
as one of his more important objectives in pre- 
ventive maintenance of the flyer. 

In formulating his mental hygiene program, 
the Flight Surgeon should maintain close liai- 
son with the base psychiatrist. Mental hygiene 
training and indoctrination can often be inte- 
grated by design with other training programs; 
for example, in the physiological training pro- 
gram, the survival training and personal equip- 
ment program, and the flying safety program. 
Various aspects of mental hygiene are specifi- 
cally related to these programs. In addition 
there ate other unit functions which may fre- 
quently be related to mental hygiene such as 
morale and leadership activities. 
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If I become a prisoner of war, I will Iteep faith with my 
fellow prisoners. I will give no information or take part in 
any action which might be harmful to my comrades. It I 
am senior, I will take command. If not, t will obey the 
lawful orders of those appointed over me and will back 
them up in every way. 



When questioned, should 1 become a prisoner of war, 
I am bound to give only name, rank, service number, and 
date of birth. I will evade answering further questions to 
the utmost of my ability. I will make no oral or written 
s^tements disloyal to my country and its allies or harmful 
to their cause. 



I will never forget that I am an American fighting man, 
responsible for my actions, and dedicated to the principles 
which made my country free, i will trust in my God and in 
the United States of America. 







The Code of Conduct for Members of the 
Armed Forces of the United States is a topic 
that should be discussed in the mental hy- 
giene program of the Flight Surgeon. This was 
revised in 1955 and is stated in Figure 53-4. 

It will be helpful to the Flight Surgeon to 

recognize and evaluate the many inter-relation- 
ships which exist among various unit programs. 
Most often separate programs are made more 
effective when properly integrated, thus produc- 
ing mutual reinforcement of desirable attitudes, 
traits and behavior patterns. 

The type of program to be conducted and its 
manner of accomplishment must be determined 
by the unit Flight Surgeon and must be based 
on the needs peculiar to the type of organiza- 
tion with which he is serving. 



Mental hygiene training topics. The fol- 
lowing suggested topics are presented as a 
check list which may assist in the design of a 
program which will meet the requirements of 
Air Force units. The references which are listed 
at the end of this subsection will furnish ade- 
quate source material for any type of program. 

Relation between mental and physical health. 

Personality and character development. 

Characteristics of a healthy personality. 

Adjustive mechanisms and personality dy- 
namics. 

Factors affecting adjustment of flyers. 

Military situational factors. 

Personal psychological factors. 

Personal situational factors. 
Stress in military aviation. 
Analysis of fear in combat flying. 
Group dynamics. 
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First Aid 

A thorough understanding of the principles of 
first aid and emergency medical care has always 
been one of the prime requisites of well-trained 
military personnel. Modem aerial warfare has 
made this requirement even more critical than 
in the past. The success of an air mission or, at 
the very least, the successful return of aircrew- 
men from a mission will often depend upon the 
knowledge and training in the field of first aid. 
To maintain a satisfactory level of proficiency, 
it IS believed that the first-aid course should be 
repeated for aircrew personnel eveiy six months. 
This period may be extended at the discretion 
of the Flight Surgeon, providing he has deter- 
mined by investigation that the state of training 
is such that a repetition of the course at the end 
of six months is unwarranted. 

Every possible effort should be made to adapt 
the training to the audience and to be certain 
that it is understood. First-aid training should 
be made as practical as possible. All first-aid 
equipment should be demonstrated, and audi- 
ence participation and practice in first-aid ac- 
tivities must be carried out. The content and 
scope of the instruction should be simple but 
adequate. A minimal indoctrination course wiU 
require a minimum of five hours traMng and 
must cover at least the following subjects: 

Flesh Wounds 

Bums 

Hemorrhage 
The Tourniquet 
Shock 
Fractures 

Upper extremity — one method of immo- 
bihzing 

Lower extremity — one method of immo- 
bilizing 

Spine - one method of immobilizing 
Morphine 
Chest Wounds 
Abdominal Wounds 
Head Injury 
Frostbite 

Heat stroke and exhaustion 
Resuscitation ( Holger-Nielsen Method ) 

Emergency medical care is discussed else- 
where. Additional source material which will 

be helpful in formulating an adequate program 
on first aid is listed at the end of this chapter. 

Medical Aspect of ABC Warfare 

Training and indoctrination in the medical 
aspects of unconventional warfare, although of 
a relatively highly specialized nature, may be- 



come the responsibility of the Flight Surgeon, 
When possible, the assistance of specialists in 
the fields of atomic, biological, and chemical 
warfare should be obtained. When this is not 
possible, the Flight Surgeon can readily present 
an adequate indoctrination program with the 
assistance of existing manuals and training aids. 
The following outlines may be utilized in the 
formulation of adequate indoctrination pro- 
grams, 

NUCLEAH AND HADIOLOGICAI, WABFAEE. The 

following is a suggested outline for instruction 

of nonmedical personnel in an orientation course 
in atomic and radiologic warfare. This outline 
is based on material in "Radiological Defense," 
Vol. II, The Principles of MiUtary Defense 
against Atomic Weapons, Armed Forces Special 
Weapons Project, Washington 25, D. C. The 
numbers preceding the headings in this publi- 
cation are paragraph numbers. This outline may 
be used for two types of lecture series. If time 
permits and the audience has sufficient techni- 
cal background or information, the outline may 
be followed in its entirety. For a short course, 
or one of limited scojpe, only those para^phs 
preceded by an asterisk need be considered. 

I. H^STOBICi^ EXHEBIENCE. 
The Atomic Bomb in Warfare 

'I.OI The Hiroshima Bomb 

"1,06 The Nagasaki Bomb 

*1.10 Studies of Damage and Casualties 

II. The atomic explosion. 
The Release of Nuclear Energy 

'2,01 Comparison of Atomic and HE Ex- 
plosions 
*2.05 Nuclear Fission 

2.08 Nuclear Fusion — The Hydrogen 

Bomb 

2.09 Fission Chain Reaction 
Nuclear Radiations from the Atomic Bomb 

*2.19 Instantaneous Gamma Rays and Neu- 
trons 

2.20 Radioactivity of Fission Products 
*2.23 Radioactive Decay 

2.25 Decay of Fission Product Activity 
2.31 Comparison of Atomic and HE Bombs 

III. Characteristics of an Am bubst. 
Description of an Air Burst 

*3.01 Introduction 

*3.02 The Ball of Fire 

•3.04 Formation of Smoke Cloud 

"3,09 The Shock Wave 

"3.12 Thermal and Nuclear Radiations 

3,15 Properties of the Shock Wave 

3.21 Positive and Negative Phases 

3 . 24 Mach Effect and Height of Burst 
3.46 Immediate Nuclear Radiation 
3.56 Lethal Range of Neutrons 
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Residual Nuclear Eadioactivity 

*3.60 Sources of Residual Activity 
•3.61 TheFall-Out 
3.64 Neutron Induced Radioactivity 

IV. ClIAEACTEHISTIGS OF SUBSUEFACE AND SUR- 
FACE BURSTS. 

Characteristics of an Underwater Burst 
*4.01 Introduction 

4.04 Phenomena of Underwater Burst 
*4.26 Radioactivity of the Base Surge 

*4.34 Residual Radioactivity - The Fall-Out 
4.36 Radioactive Contamination of the 
Water 

4.40 Radioactive Contamination of Land 
Areas 

4.42 Long Term Residual Radioactivity 
Characteristics of an Underground Burst 
4.4S Crater and Column 

4.48 Base Surge 

4.49 Fall-Out 

4.60 Residual Radioactivity in the Crater 
4.64 Radioactivity of the Base Surge and 
Fall-Out 

4.69 The Long Term Residual Radioac- 
tivity 

Characteristics of a Surface Burst 

4.70 General Description 

4.75 Air Blast and Ground Shock 
4.77 Thermal (Heat) Radiation 
4.81 Immediate Nuclear Radiation 

4.84 Residual Radioactivity 

4.85 Contamination of Crater Material 
4.87 The Fail-Out 

V. Radiological wakfabe. 
RW Agents and Their Effects 

*5.01 Purpose of Radiological Warfare 
5.03 Characteristics of RW Agents 
SfOekpiling and Delivery of RW Agents 

5.13 Decay of RW Agents 

5.14 Dangers of Handling and Dehvery 

Defensive Characteristics of RW 
5.17 Favorable Characteristics 
5.22 Unfavorable Characteristics 

VI. Effects of atomic expijosioks on per- 
sonnel. 

Introduction 

*7.01 Classes of Injuries 
7.03 Variation of Injuries with Operational 
Use of Bomb 
Injuries Due to Blast Effects 

7.05 Primary Blast Injuries 
7.08 Mechanical Injuries 

Injuries Due to Bums 

•7,13 Types of Bum Injury 
7.17 Secondary Bums 
*7.19 Primary Bums or Plash Bums 
7.25 Flash Blindness 



Injuries Due to Nuclear Radiations 

*7.26 Internal and External Radiation 

"7.30 Effects of External Nuclear Radiation 

— Acute Dosage 
*7.40 Acquisition and Effects of Acute Radi- 
ation Dosages 
*7.45 Chronic Dosage — Residual Radio- 
activity 

7.49 External Beta and Alpha Particles 
7.53 Internal Nuclear Radiation Hazard 

*7.59 Additional Effects of Radiation 
Treatment of Injuries 

*7.66 Combined Effects of Injuries 

•7.69 Therapy and First Aid 

VII. REOOGNmON OF KADLA.TION HAZARDS. 

Introduction 

*8.01 Radiological Defense in the Military 
Organization 
Survey Meters 

'*8.17 General Principles 
8.18 Ionization Chamber Instmments 
8,23 Geiger-Mueller Counters 
8.27 Choice of Survey Meters 
8.31 Airborne Survey Equipment 
Dosimeters 

*8.33 General Principles 
8.36 Pocket Chambers 
8.40 Pocket ( Self-Reading ) Dosimeters 

8.43 Photographic Film Badges 
8.51 Choice of Dosimeters 

VIII. MeASXJREMENT and EVALtTAHON OF BADl- 
OLOGICAL HAZARDS. 

Introduction 

*9.01 Importance of Radiological Surveys 
•9.04 Outline of General Procedure 

Supplementary Monitoring 
•9.43 General Considerations 

9.44 Food and Water Supplies 

9.47 Roads, Structures, Installations, etc. 

9.48 Ground Forces Equipment 

9.51 Air Forces Equipment 

9.52 Laboratory Measurements 

IX. Protection of personnel. 
Introduction 

*10.01 Protection from Blast and Fire 
•10.04 Protection from Thermal Radiation 
•10,05 Protection from Nuclear Radiation 
Shielding from Gamma Radiation 

10.07 Immediate Nuclear Radiation 

10.13 Shielding from Residual Radioactiv- 
ity and Base Surge 

Control of Radiation-Dosage 

10.14 Acute and Chronic Exposure 
10.16 Peacetime Conditions 
10.21 Wartime Conditions 

Protective Shelter 

10.25 Possible Existing Shelters Ashore 
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10.3S Specially Constructed Shelters 
10.46 Dispersion 
Individual Protection 

* 10.50 Self-Preservation 
•10.59 First Aid 

Protective Clothing and Equipment 

* 10.61 Ordinary Clothing 

* 10.62 Special Clothing and Equipment 
Personnel Decontamination Facilities 

* 10.67 Preliminary Decontamination 

10.69 Improvised Decontamination Centers 
10.84 Food and Water in Contaminated 
Areas 

X. Decontamination. 
General Considerations 

11.11 Distribution of Contamination 

11.14 Types of ContaiOination 

11.18 General Aspects of Decontamina- 
tion 

Rough (Tactical) Decontamination 
11.23 General Methods 
11.29 Rough Decontamination of Roadways 

and Land Areas 
11.43 Rough Decontsimination of Aircraft 

XI. Emergency gontbol measdbes. 
Emergency Control on Land — Advance Prep- 
arations at Military Installations 

12.15 Protection at Existing Installations 
12.25 Protection of Personnel at Military 

Installations 
12.28 Dispersion of Structures and Per- 
sonnel 

12.33 Decontamination Facilities 
12.37 Stockpiling of Supplies and Equip- 
ment 

Emergency Control Measures in the Air 
12.126 Avoidance of Atomic Cloud 

12.129 Protection Against Internal Hazard 

12.130 Protection of Maintenance Crews 
12.133 Control Measures After An Atomic 

Explosion 

Chemical warfare. The following suggested 
outline of instruction for nonmedical personnel 
will provide adequate indoctrination in chemi- 
cal warfare under most circumstances: 

I. Introduction 

1. Historical Review — Experience in World 
War I 

2. Purposes and Uses of Chemical Agents 

3. Classification of Chemical Agents 

4. Fundamentals of Self-aid and Treatment 

5. Familiarization with Gas Mask 

6. Familiarization with Protective Ointment 
Kit 

II. Nerve Gases 

1. Properties and Possible Modes of Use 

2. Symptoms 



3. Self-aid 

4. First-aid and Emergency Treatment 

5. Decontamination 

III. Vesicants 

1. Properties and Possible Modes of Use 

2. Symptoms 

3. Self-aid 

4. First-aid and Emergency Treatment 

5. Decontamination 

IV. Other Chemical Agents 

1. Choking Gases 

2. Systemic Poisons 

3. Stemntators 

4. Lacrimators 

Biological warfare. The following outline 
of instruction for nonmedical personnel should 
prove adequate for most Air Force unit re- 
quirements: 
I. Introduction 

1. Nature of Infectious Agents (general dis- 
cussion of bacteria ) 

2. Nature of To3dns 

3. Process of Infection (as seen in ordinary 
infectious diseases ) 

4. Potentialities of Biological Agents 

a. Against Humans 

b. Against Animals 

c. Against Crops 

5. Possible Modes of Use of Biological Agents 

a. Through Air: sprays, dusts, from air- 
craft or munitions 

b. Through Food or Water: contamina- 
tion by saboteurs 

n. Defense Against Biological Warfare 

1. Intelligence 

2. Maintenance of Security, with help from 
all; special attention to; 

a. Protection of Food Supplies 

b. Protection of Water Supplies and 

Systems 

c. Protection of Ventilating Systems 

3. Maintenance of High Standards of Hy- 
giene and Sanitation 

a. Personal Hygiene and Cleanliness 

b. Food and Water Hygiene 

4. Prompt Reporting of Illness to Medical 
Officers 

5. Investigation of Suspicious Circumstances 

or Persons 

6. Immunization or Prophylaxis When Indi- 
cated by InteUigence Reports 

7. Use of Gas Mask and Protective Clothing 

8. Decontamination of Skin and Clothing 
When Attack Is Recognized. 

Physical Fifness Program 

Although the responsibility for the mainte- 
nance of high standards of physical fitness of 
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Air Force personnel is placed upon the major 
air commanders (AFR 50-5), the Flight Sur- 
geon must assume certain responsibilities at unit 
level. A successful program can only be accom- 
plished by the teamwork of the commander, the 
physical training ofBcer, and the Fhght Surgeon. 
There are many important aspects of a physical 
fitness program, or the lack of one, which are of 
vital concern *:o the Flight Surgeon. 

The physical fitness program is directly re- 
lated to the health maintenance program (AFR 
160-10) and requires the Flight Surgeon to have 
specific knowledge relative to the needs of his 
unit with respect to physical training. Unit, as 
well as individual, medical problems on morale 
and discipline are also involved. In addition, the 
proper rehabilitation of personnel convalescing 
from illness or injury may best be accomplished 
by well-organized on-the-job rehabilitation ac- 
tivities which may be coordinated and inte- 
grated with the overall physical fitness pro- 
gram. 

At times it may be necessary to "sell" a pro- 
gram to the unit commander as well as to indi- 
viduals of the unit. The commander should 
utilize the background and training of the Flight 
Surgeon, ph\'sic:;il training officer, survival train- 
ing and personal equipment personnel, and 
physiological training officer in establishing the 
program. A group of this type can determine 
and coordinate a mandatory program of physi- 
cal conditicuiing which will fit into the over-all 
mission of the particular organization, and, 
furthermore, assure by its own enthusiasm and 
active participation, successful fulfillment of 
the objective. 



The individual responsible for determining 
what will be included in the physical fitness 
program and the active administrator of the 
program should be the physical training officer. 
Other members of the group cited above should 
serve in an advisory capacity and interject re- 
quirements of their particular specialty into the 
program. For example, the physiological train- 
ing ofiicer oE survival training and personal 
equipment personnel may suggest that falling, 
landing and recovery after parachuting be simu- 
lated in the physical training program by tum- 
bling activities. Special medical requirements 
may similarly be met when necessary throng 
the coordinated efforts of those concerned with 
the program. 

The diversity of the types of organizations 
and base facilities in the Air Force presents 
difficulties in attempting to establish a stand- 
ardized program of physical fitness; however, a 
minimal program for all units should include a 
mandatory and well-organized program with 
the emphasis on recreational activities. This 
should provide a level of physical fitness that 
will enable Air Force personnel to carry out 
normal military duties efficiently. Such a pro- 
gram will encourage regular and healthful exer- 
cise; foster an aggressive and cooperative team 
spirit; increase individual confidence; develop 
sportsmanship: and increase unit pride through 
participation in competitive athletics. The pro- 
gram may be conveniently adjusted to various 
types of units to satisfy a specific requirement. 

The transition from civilian to military life is 
of prime importance, and the major emphasis of 
indoctrination and basic training units should 
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be placed upon prepanng personnel for military 
life. Such units should allot ample time to phys- 
ical sports and games. Survival techniques and 
related activities might well be delayed until 
later assignment to a permanent organization, 
where specific instruction can be planned in 
accordance with operational requirements. 

Training schools for aircrew members should 
concentrate on developing high levels of physi- 
cal fitness, A complete survival cou«e may read- 
ily be included in this program because installa- 
tions of this type usually have facilities, equip- 
ment, and personnel to satisfy such a require- 
ment An enjoyable and worthwhile program 
should be attempted to facilitate the extension 
of these activities into the future. This would 
prevent a repetition of a situation which oc- 
curred in World War II, where the desire of 
the majority of participants for carry-over of 
cadet physical training activities was minimal. 
The primary emphasis on physical fitness in the 
cadet phase and the stress placed on high re- 
quirements for PFR (Physical Fitness Rating) 
scores defeated the total program and resulted 
in aircrews failing to maintain their initially de- 
velojied high state of physical fitness. 

In all units, emphasis should be placed on 
establishing adequate levels of physical fitness 
for all peraonnel. Whenever possible, it is highly 
desirable to provide opportunity for those who 
may need instruction in the basic skills neces- 
sary to perform a variety of athletic activities 
which can be supported by the average Air 
Force facility. All Air Force installations should 
provide the best in facilities, equipment, and 
personnel when programming physical fitness 
activities. If possible each of these factors 
should be available to all personnel daily from 
OSOO hours to 2200 hours. During this time a 
variety of activities, both of individual and 
group type, should be scheduled. Indoctri- 
nation and basic training centers (non-flying) 
should schedule, for trainees as well as perma- 
nent party, a two-hour period three times a 
week. 

The latter might also apply to permanent 
personnel assigned to basic flying schools; how- 
ever, cadets should receive a daily one-hour 
schedule and, if possible, utilization of the last 
hour of the work day for reasons stated above. 
Cadets should receive a well-rounded series of 
activities and associated skills because, as future 
officers, they may have to assume responsibility 
for the physical fitness of men under their 
command. 

Soon after becoming assigned to operational 
units, personnel should be given complete land 



and water suivival instruction and indoctrina- 
tion, with specific emphasis on the current unit 
location and mission. This important require- 
ment may be integrated very conveniently with 
and become a part of the physical fitness pro- 
gram. Preparedness for survival situations pre- 
sents the most extreme requirement for the 
highest level of physical fitness. Tactical units 
located at overseas installations may not have 
fixed recreational facilities comparable to units 
in the zone of interior; however, trained per- 
sonnel and equipment should always be avail- 
able. With proper use of air installations capa- 
bilities, very satisfactory facilities can usually be 
designed and installed. 

One of the most important medical aspects 
of physical fitness, other than its continued 
maintenance, is its reestablishment following 
illness or injury. The necessity of reestablishing 
an acceptable state of physical fitness in all mili- 
tary personnel as soon as tsonvaleseence begins 
cannot be emphasized too strongly. The advisa- 
bihty of integrating medical requirements in 
physical fitness activities with the over-all pro- 
gram has already been stressed. Mutual under- 
standing on the part of the physical training 
oflBcter and the Flight Surgeon with regard to 
the problems faced by each must be assured. 
A dual relationship can be considered to exist. 
On the one hand, personnel required to partici- 
pate in the physical fitness program may seek 
medical excuses for one reason or another, fre- 
quently questionable, to avoid participation. On 
the other hand, the Flight Surgeon may seek 
special consideration and special physical train- 
ing activities for personnel who are convalescing 
from illness or injury ( on-the-job rehabilitation ) . 

In the first instance, that of the airman seek- 
ing an excuse from physical training at sick call, 
the issue must be faced honestly and objectively 
by the Flight Surgeon. Such requests for excusal 
from duty for medical reasons brings up the 
problem of jffoper motivation when the individ- 
ual demonstrates minor disabilities and is an 
important factor. Consideration should be given 
to corrective or postural exercises instead of no 
duty, where medically indicated. A factor not 
to be forgotten is the lack of experience on the 
part of young medical ofiicers in sick call and 
rehabilitation. The young Air Force medical 
oflicer must face the fact that he is part of a 
military service. He must earnestly study mat- 
ters which may at first glance appear to be out- 
side the physician's province. His patients will 
be military men. Unit as well as individual 
medical problems involve morale and discipline. 
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In the second instance, that of the Flight 
Surgeon seeking special activities for the con- 
valescent with supervision by the physical train- 
ing instructor, there must be veiy close coopem- 
tion between the Flight Surgeon and the physi- 
cal training personnel. The lack of experience 
among physical training instructors in remedial 
training must be taken into consideration in re- 
habilitating partially disabled personnel. On the 
physical fitness side, lack of this remedial expe- 
rience need not be an insuperable difficulty. An 
apphcation of the basic principles of physical 
training together with enthusiasm, common 
sense, and initiative combined with sound med- 
ical principles and vigilant supervision is needed. 

Constant eflEort is being made to reduce time 
loss due to hospitalization for illness or disabil- 
ity. Frequently, treatment may be accomplished 
on an out-patient basis while the member is on 
duty. Patients hospitalized or convalescing may 
often be taught simple exercises under proper 
supervision to expedite their recovery. 

Remedial exercises after discharge from the 
hospital are often neglected, even though many 
patients discharged from hospital rehabilitation 
programs may further improve on a graduated 
exercise program. Patients are often discharged 
to duty with too much reliance placed on their 
common sense and on rehabilitation instruc- 
tions to carry them through. It might prove bet- 
ter to have a definite organization of on-the-job 
rehabilitation. 

The best rehabilitation after medical or sur- 
gical treatment is over is restoration to a normal 
life and normal duties as soon as it is medically 
feasible. The problem of maintenance of physi- 
cal fitness is of utmost concern to the Surgeon 
General. 

Ground Safety Program 

Indoctrination relative to ground safety 
should be a continuous process, vigorously car- 
ried on by aU concerned and projected to reach 
every individual. The most fertile field today for 
the application of preventive medicine in re- 
ducing morbidity and mortahty is that of acci- 
dental trauma. The loss of life and incapacity 
resulting from accidents are as great or greater 
than those from any known disease entity. Sta- 
tistical studies in the Air Force during 1950 re- 
vealed that the death rate per 100,000 per year 
due to accidental trauma was 236.9. This ac- 
counted for 84 per cent of all deaths in the Air 
Force during that year. 

This same study showed that injuries aecouiit 
for one fourth of all lost time — almost as much 



as the next seven causes of lost time combined. 
Injiu-ies headed the list of causes for disability 
separations and retirement. All of these facts 
emphasize the importance of an accident- 
preventioil program. Because of the important 
role played by human variables in the cause 
and prevention of accidents, safety indoctrina- 
tion and education are among the vital activities 
in the ground safety program. 

The Flight Surgeon serves a major role in this 
program. To successfully fulfill the requirements 
of diis role, he must establish a smoothly func- 
tioning team relationship with all personnel con- 
cerned witli ground safet\'. Groimd safety per- 
sonnel have fhe primar\' responsibility in this 
area hut will require tlie acti\'e assistance of 
interested medical personnel. Success in control- 
ling accidents will result onI\ from a multi- 
disciplinary approach. The most effective acci- 
dent preventive measures have resulted htmi 
the cooperative efforts of individuals trained in 
the various biological and engineering science. 

The need for medical participation in the 
ground safety program is well established, both 
from the standpoint of professional medical in- 
terest in lowering morbidity rates and that of 
actively contributing to a complete and success- 
ful multi-disciplinary approach to the control of 
accidents, The opportimity for the Flight Sur- 
geon's active participation in the program will 
vary in different organizatiotis. It is recognized 
that in many instances the demands made on 
his available time and energy will be most 
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pressing in specialized aeromedical areas. He 
must, ho\ve\'er, not lose sight of the great im- 
portance of ground safetv^ activities in the over- 
all picture and contribute to them whenever 
possible. It may not be feasible to establish a 
purely medical safet\' indoctrination program in 
this area; however, there should be some logical 
and effective plan of medical participation in 
the program in all Air Force units. 

Medical pabticipation in the ground safety 
FBOGHAM. The following is a suggested plan of 
participation in the ground safety program by 
tlie Flight Surgeon: 

1. Get acquainted with the ground safety or- 
ganization, and personally attend ground safety 
council meetings. 

2. Help ground safety in analysis of occupa- 
tional as well as off-duty accidents; help in 



identification of hazardous pra 
equipment and processes. 

3. Help ground safety in a safety education 
program. 

a. Talks at Air Force instructors' programs, 
medical analysis of local accidents. 

b. Selection and discussion of safety films. 

c. Furnish material for posters — photos. 
X-rays, etc. 

d. Discussion of medical aspects of certain 
industrial chemical hazards, existing in avia- 
tion. 

4. Make sure that drivers of government vehi- 
cles get adequate physical examinations, 

5. Aid in a "get tough" policy on LOD for 
persons involved in accidents when careless- 
ness or alcohol contributed. 
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Medical Training 



at Medical Service 



Personnel 



The Flight Surgeon, under the guidance of 
the Hospital Commander, and in conjunction 
with the Chief Nurse and Medical Squadron 
Section Commander, has a vital responsihility 
for training the medical personnel of his own 
unit. This training is of two principal typ6S — 
unit training and individual training. Unit train- 
ing is a continuous program and consists of any 
training given in a unit which broadens the 
general knowledge of all members of the unit, 
thereby making the unit more eflFective, opera- 
tionally. UTSs prescribe standards of profi- 
ciency in the performance of activities common 
to all Air Force units and provide a guide for 
the determination of the operational efficiency 
of the units. 

Individual training is not a continuoxis pro- 
gram, but is carried on for a specific period of 
time. It specifically trains an individual to x^er- 
form a specialized function within a unit. This 
training may be accomplished by attendance at 
a formal course of instruction or by on-the-job 
training. Formal training is the preferred meth- 
od. On-the-job training should be used as an 
essential supplement to the formal training sys- 
tem when training or sufficient quotas are not 
available to satisfy unit needs. 

Airmen desiring or requiring attendance at 
advanced training courses should be encouraged 
to apply as outlined in pertinent Air Force 
regulations. Advanced courses are conducted at 
the School of Aerospace iVIedicine for most lad- 
ders of the medical career field, Airmen attend 
these courses in a temporary duty status. It is 
to the advantage of the USAF Medical Service 
that no individual become so indispensable that 



he cannot be spared for the formal training 
which is necessary for his proper advancement. 

Although attendance at formal courses is 
highly desirable, the personnel requirements of 
units necessitate that at certain times some on- 
tlie-job training foma an integral part of the air- 
man career program, and at certain intei-vals is 
the only method in the career ladder for the 
advancement of airmen. 

AFR 50-26 defines on-the-job training as that 
planned training program designed to quahfy a 
person through supervised instruction in the 
perfonnance of the duties in an AFS while he 
is working in a duty assignment of the career 
field ladder. The training is not considered on- 
the-job training unless the airman spends a 
portion of his time in a productive capacity on 
the job. 

While on-the-job training in the following 
paragraphs is discussed in light of the airman 
in relation to the airman career prograto, the 
principles and techniques covered apply equally 
well in the training of officers. 

Objectives of On-the-Job Training 

The chief objectives of a good on-the-job 
training program are to: 

1. Promote unit efficiency by constantly raising 
the professional standard of performance. 

2. Promote morale by assisting ainnen to ac- 
quire sufficient knowledge and skill to qualify 
for advancement. 

3. Insure individual proficiency commensurate 
with the specialty levels of all personnel. 
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4. Provide tor unexpected requisition losses by 
thoroughly training personnel in all phases of 

their specialty. 

5. Train newly assigned personnel with no 
prior medical training. 

6. Train personnel whose attendance at formal 
courses is unfeasible or impossible. 

7. Train personnel in specialties for which no 
formal course exists. 

Training Responsibilities of 
Medical OfFicers 

AFR 50-26 provides that on-the-job training 
is the responsibility of Air Force commanders at 

all levels; accordingly, every medical officer is 
responsible for the training of all personnel un- 
der his immediate supervision. 

To discharge this responsibility and attain the 
objectives mentioned above, the medical officer 
must: 

1. Understand how the Air Force Career De- 
velopment Program works and its relationship 
to on-the-job training. 

2. Be familiar with the broad Air Force direc- 
tives governing on-the-job training and classifi- 
cation of airmen. 

3. Be familiar with local and Command pol- 
icies relative to the conduct of onrthe-job train- 
ing. Air Force Headquarters has issued only 
very broad directives regarding on-the-job train- 
ing. It is, therefore, extremely important for the 
medical oflBcer to familiarize himself wifli the 
regulations prescribing standard procedures for 
his major command. 

4. Know thoroughly the job descriptions and 
the standards of performance required for every 
position under his supervision. This is essential 
in order that training may be directed toward 
a definite goal. Job descriptions for each of the 
airman specialties in the medical career field 
may be found in AFM 35-1, while those for 
oflScers are listed in AFM 36-1. 

5. Develop a progressive trainitig plan based 
soundly on modem Air Force teaching method- 
ology. 

6. Know thoroughly the subject matter taught, 
and how it can be adapted best to the learning 
level of the students. 

On-the-job Training in the 
Medical Career Field 

From the moment an airman is assigned to 
one of the Air Force career fields, he undergoes 
specialty training. To provide a pattern of pro- 
gression for the individual and minimum per- 
formance standards for training objectives, job 



progression ladders have been established with- 
in each field. Thus, at Say junetture in an air- 
man's career, he will be training and preparing 
himself for the next higher step in his career 
ladder. At one or more points in that ladder, 
em-ttie-job training will be the only means avail- 
able to the airman of acquiring sufficient pro- 
ficiency for progression to the next skill level. 
So it can be seen that the lack of a sound 
on-the-job training program will not only stifle 
an airman's incentive but will deny the Air 
Force a supply of increasingly proficient per- 
sonnel. 

The following illustrates how on-the-job train- 
ing reinforces the career development program 
as the airman progresses up the aeromedical 
ladder of the medical-career field. 

A basic airman is assigned to the medical ca- 
reer field according to Air Force requirements, 
his own interestSi and his aptitude as measured 
by special tests, Designated as a medical helper 
(AFSC 90010), the airman will be assigned 
either to an Air Force medical installation or to 
a technical school. If sent directly to a duty as- 
signment, the airman will immediately begin 
training on-the-job for whatever medical special- 
ty he is suited for, or where personnel are need- 
ed. For the aeromedical ladder, on-the-job 
training will be planned on the basis of the job 
description for a senior aeromedical specialist 
but on the semi-skilled level. That is, the airman 
wiU do the same job, but on the apprentice level 
he is not required to attain the skilled or fully 
qualified level of proficiency indicated for the 
specialist. 

Those airmen who are not so fortunate as to 
be able to attend the formal course may acquire 
the necessary knowledge and skill through the 
on-the-job training program. Howevw, th^ 
cannot be awarded the apprentice skill level 
without action by a classification board. The 
decision of the classification board is based on 
the supervisor's recommendations and the suc- 
cess of his on-the-job training program as meas- 
ured by appropriate testing devices. 

The next step up the career ladder toward 
promotion and greater responsibility is the level 
of senior aeromedical specialist (AFSC 90150). 
There are no formal schools leading to the 
award of this specialty, so all the airman's prep- 
M-ation will be on-tiie-job training. 

Steps in Implementing On-f he-Job 
Training Program 

In implementing an on-the-job training pro- 
gram, the Fhght Surgeon should do flie fol- 
lowing: 



54-2 



FLIGHT SURGEOK-S MANUAL 



Step 1 — Survey unit assignments and insure 
that each assignment is in tlie best possible 
accord with the individual's classification and 
specific background. 

Step 2 — DeteiTiiine the exact need for training. 
To determine this need, establish the fol- 
lowing: 

a. The specific job requirements. 

b. The individual skills of the trainee. 
When a and b are known, the on-the-job 
training required can be stated in the sim- 
ple formula: a-b-c (on-the-job training re- 
quired ) . 

Step 3 — Determine the method or methods of 
training which will be most effective. Number 
of people, time available, facilities required, 
nature of training, and individual capabilities 
are factors which will affect this decision. 

Step 4 — Select the people who will actually 
conduct the training, remembering that the 
end product wiU be no better than those who 
conduct the program. 

Step 5 — Procure all available materials which 
may be helpful to supplement the program. 
The "On-the-job Packaged Course Material" 
is a good example. This material has been de- 
veloped by the Air Training Command for 
Air Force-wide dissemination. It has been 
prepared to cover each air force specialty and 
contains the necessary information ixad refer- 
ences to develop the desired proficiency in 
the designated AFSC. 

Step 6 — Follow up the program. This should 
be a continuous monitoring job to insure that 



the program does not lag, that training rec- 
ords are kept current, and that newly devel- 
oped skills are being used properly. 

Techniques of Conducting 
On- the- Job Training 

A training program is no more effective than 
the caliber of instruction which implements it 
or the supervision which it receives. A large por- 
tion of the instruction can be accomplished in- 
formally as an individual leams his job under 
supervision, and gains experience in it. But 
this is only part of the training task, for regu- 
larly scheduled didactie or classroom instruction 
with the force of a formal course is also neces- 
sary. It is upon these "miniature schools" that 
the very basis of the whole Air Force on-the-job 
training program depends, and their importance 
cannot be too strongly emphasized. 

Much of the success of the scheduled class- 
room instruction part of on-the-job training 
depends on the effective application of teach- 
ing methodology. 

Because of the magnitude and prominence of 
Its training mission, the Air Force has always 
placed great emphasis on modem educational 
concepts, Ivhich made possible the tremendous 
numbers of skilled pilots, navigators, and me- 
chanics produced in World War II, Briefly, these 
concepts stress the importance of teaching meth- 
odology and an understanding of the psychology 
of learning. It is not enough to collect and or- 
ganize subject matter for instruction; careful 
consideration must also be given to the manner 
of presentation and the learning ability of the 
students. 
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TEAcmNG MEnioDS, The accompanying table 
shows the findings of a study made by the 

USAF School of Aerospace Medicine. The per- 
centage figures indicate comparative learning 
gains as measured by analysis of the pre-test 
and post-test scores made by hundreds of stu- 
dents at the school. While the teaching method 
is largely determined by the subject to be 
taught, it is obvious from the table vs^hich of the 
methods are the most desirable. 

Method Average 

Learning 
Gain 

1. Lecture 10% 

2. Lecture vvith Audio- Visual Aids 14% 

3. Lecture with Applicatory Period 24% 

4. Seminar and Group Dynamic 
Approach 30% 

5. Practicum and Discussion Group 40% 

6. Wide-Area Problem-Solving 53% 

The following discusses the various teaching 
methods, pointing out their requirements and 
method of application. 

1. Lecture. Although ihe lecture is probably 
the easiest of all methods to prepare, it is gen- 
erally the least effective. It is useful, however, 
in introducing a subject or summarizing a large 
body of instruction in a short tini6. A dynamic 
personality and wide speaking experience are 
prerequisites of a good lecturer. 

2. Lecture with Audio-Visual Aids. The intro- 
duction of illustrative materials immediately 
steps up the value of the lecture as a teaching 
method. It has been proved many times that the 
more senses a person utilizes the more rapidly 
he will learn. An example of this method would 
be to explain the anatomy of the ear by means 
of charts and blackboard drawings, and then 
show a movie on how the ear transforms sound 
waves into nerve impulses. Demonstrations of 
various techniques such as audiometer operation 
help students to grasp essential elements of the 
subject. 

3. Lecture with Applicatory Period. The most 
basic of modem educational concepts is that 
students learn best by doing or performing some- 
thing themselves. The instructor should strive, 
therefore, to allow his students to apply mediqal 
techniques and skills as soon as liey are ex- 
plained. One of the best ways to utilize this 
method is by means of a coach-pupil procedure. 
After explaining and demonstrating various 
bandaging techniques, the instructor pairs off 
his students and has them practice on each 
other. Laboratory techniques are well adapted 
to the lecture-applicatory method. 



4. Se)ninar and Group Dynamic Approach. If 
the group to be taught is small, almost any 
subject suggesting instruction by the lecture 
method may be made much more interesting 
and valuable by the seminar and group dynamic 
approach. One form of this method requires 
supplementary textbooks in which reading as- 
signments are made prior to class. The class 
period is then devoted to discussion and ques- 
tions on the assignment. Because each student 
has a part to play in the period he will prepare 
himself well, and the informal nature of the class 
overcomes the students' hesitation to ask ques- 
tions. The key job of the instructor is to keep 
discussion "on flie beam," and ensure full par- 
ticipation by all students. The ethics of the 
medical profession might be well presented in 
this manner. 

5. Practicum-Discussion Group. Similar to the 
previous method in form, the practicum-discus- 
sion group deals more with instruction in indi- 
vidual skills. It is often used in the advanced 
stages of learning, and is well adapted to eval- 
uating students on their perfortnance of a par- 
ticular skill. For example, a group of students 
might be instructed to conduct an eye examina- 
tion one at a time. After each student has per- 
formed the task, a discussion or perhaps critique 
might be used to reinforce good techniques and 
help the group to profit by their own errors, 

6. Wide-Area Problem-Solving. This method 
of teaching shows the most learning gain be- 
cause it is entirely centered in the student It 
requires him to bring all his previous knowledge 
into play, to show resourcefulness in the applica- 
tion of that knowledge, to stand on his own feet 
and do the job. By this method the instructor 
should determine to what extent a student has 
grown in experience and knowledge of his ca- 
reer specialty. Usually the instructor will design 
a problem situation, such as a clinical pathology 
case, and "turn the students loose on it." The 
learning process becomes evident as the student 
consults his textbooks or notes, inter-relates the 
subject matter he has assimilated, talks the 
problem over with his friends or the instructor, 
and finally reaches a solution. This training is 
the most valuable because it most closely dupli- 
cates actual job experience — but in a controlled 
situation in which the instructor is constantly 
guiding and assisting. 

Testing. In areas where successful comple- 
tion of a formal course of instruction is not 
mandatory, the final measure of qualification for 
the next highest level in an airman's career lad- 
der is the airmen proficiency test. Since it is 
desirable to evaluate personnel during the 
course of on-the-job training, the Flight Surgeon 
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should have some knowledge of testing tech- 
niques. The following describes briefly several 
methods of evaluating student performance; 

1. Oral question - and - answer examinations, 
which should be used continually throughout in- 
struction to determine its effectiveness, and also 
to provide quick estimates of student progress. 

2. Written tests, which are valuable for meas- 
uring rapidly a wide range of subject matter. 
They are difficult to construct when skills are to 
be measured, but are well adapted to the testing 
of principles. Generally, multiple choice ques- 
tions prove the most satisfactory, since they can 
be scored quickly and without subjective bias. 

3. Performance tests in which the student car- 
ries through an operation or procedure simulat- 
ing the actual job. This is the most direct meth- 
od of measuring ability, and grading is based on 
the quality of the work as well as the speed 
and accuracy of the performance. 

4. Observation tests, which can be used to 
measure behavior, such as leadership, initiative 
or cooperativeness. The instructor uses a check 
list ot rating form, or summarizes the results of 
an interview. 

Unit Training 

The importance of intensive individual train- 
ing must be stressed to assure a high level of 



technical competence for each member of the 
unit; bnt this should not be permitted to obscure 
the importance of group training which assures 
that the medical organizaion will function as a 
team. While didactic and on-the-job training 
are indispensable, it is only by actual practice of 
simulated exercises that the efficiency of the 
unit and the individual may be determined. Any 
inadequacies discovered may then be corrected 
through repeated exercises or additional indi- 
vidual training, as indicated. 

The Flight Surgeon must give full cognizance 
to the requirement that his medical unit, how- 
ever small or large, must function as a team 
under variable situations. The possible functions 
and situations which may be applicable to his 
unit at sorae time should be visualized and 
preparations should be made accordingly. It is 
essential that tactical or operational medical 
units participate in various types of simulated 
field exercises from time to time. These exercises 
may involve entire units or only sections of units. 
Some examples of specific activities include first 
aid procedures; simulated crashes on and off 
base; loading and unloading of patients from 
aircraft; establishment of first aid stations; treat- 
ment of simulated casualties in shock wards; 
utiUzation of personal and organizational equip- 
ment; field medical records; and emergency 
plans. 
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Referett€es 



Jtcwfef dmrii imsmt <mirem<y tf fttferf nfmmvu 

Formal Training Courses 

AFR 160-24 Professional Education and Training for Officers of the Medical 

Service 

AFR 160-55 Central Facilities Provided for the Department of Defense by 
Armed Forces Institute of Pathology 
On-thc-joh Training and Clamf cation 

AFM 35-1 Airman Classification Manual 

AFM 35-S Air Force Personnel Evaluation Manual 

AFM 36-1 OfiBcers Classification Manual 

TM 8-273 Professional Manual for Nursing Service 

FM S-50, Bandaging and Splinting 

AFM 160-46, Military Sanitation " 

FM 21-11, First Aid for Soldiers 
Teaching Meihodologij 

AFM 50-9, How to Instruct 

AC&SS Textbook, Air University, Principles and Methods of Instruction 
Training Aids 
AFR 50-19 Special Training Devices 

AFP 95-2-1 Air Force Film Directtiry 
AFR 0-6 Subject Index to AF Publications 
^ AFR 0-2 & 0-3 Numerical Index of AF Publications 
Armed Service Catalog of Medical Material 
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The United States Air Force is a tremendous 
organization. It can operate more efficiently and 
conduct itself as an organization better by using 
many forms, records, and reports. These are 
for the guidance of everyone who is concerned 
with the proper dispatcli of information. They 
set the pattern. They contain the history. They 
speed the routine. Together, in higher echelons, 
they provide the substance of experience upon 
which all future plans can be made. 

The administrative work of the Air Force 
Medical Officer is actually simplified by the in- 
telligent use of "paperwork." Each and every 
form has been evolved through diligent study, 
years of work, and countlcs.s alterations and 
modifications aimed at simplification. 

Of necessity, only these administrative proce- 
dures having important specific appUcabiUty to 
flying personnel are covered in detail in this 
manual. Information concerning general medical 
administrative procedures which apply to all 
personnel may be obtained from other manuals 
and from Air Force regulations. 

FORMS USED 

AFR 0-9 provides a list of aU current blank 
forms used by fhe Air Force and a list of all 
forms rendered obsolete since the issuance of 
previous indices. This regulation also indicates 
the source of supply and defines units. 

All blank forms listed are normally stocked in 
all Air Materiel Areas and are requisitioned 
in accordance with AFM 67-1. Exceptions are 
noted and, where a source of supply is so indi- 
cated, requisitions are submitted direct to that 
source. Some forms may be produced locally. 



SF 88 and SF 89 

The details of proper completion of SF 88 
"Report of Medical Examination," and SF 89 
"Report of Medical History" will be found ill 
AFM 160-1, "Medical Examination." 



Medical Administrative Procedures 
Concerning Flying Status 

A major responsibility of the FHght Surgeon 
is his participation in the "removal from" and 
"restoration to" flying status of the airman. Either 
action is a potentially grave matter. It involves 
not only the individual's morale, income, service, 
and effectiveness, but also affects those around 
him. The competent, conscientious Flight Sur- 
geon will always weigh carefully every aspect of 
removing or restoring an airman's flying status. 

An effort has been made, through routine and 
procedure, to guard against any possible error 
of Judgment in this very critical evaluation of 
the individual. At the same time the Flight Sur- 
geon can perform a genuine service by bringing 
to this task a full measure of sincere appraisal, 
just evaluation, and fair dedsion. Here wiU be 
needed all fhe qualities of human understanding 
that distinguisli the wise physician in discharg- 
ing his duties as a Flight Surgeon. 

Failure to remove those individuals from fly- 
ing who are disqualified for medical reasons 
can result in serious consequences for the indi- 
vidual, as well as for an entire crew and the 
aircraft. Insofar as the individual alone is con- 
ceriied, continued and ill-advised flying may 
cause a relatively minor initial condition to be- 
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come more serious and result in permanent 
damage or require a prolonged recovery period. 
Proper management with short periods of re- 
moval from flying status can prevent such occur- 
rences. Even more serious for the individual, as 
well as other crew members and the aircraft it- 
self, are the unsafe conditions which result when 
a key crew member is allowed to fly if he is 
actually physically unfit. This is very serious and 
can often result in a fatal outcome, particularly 
if an emergency is encountered during a flight. 

On the other hand, removal of individaals 
when such action is not necessary must also be 
carefully guarded against. Often this occurs 
under conditions of stress as a result of the 
Flight Surgeon granting the individual "the 
benefit of the doubt". When this occurs, the 
Flight Surgeon is directly responsible for con- 
tributing to the noneffectiveness of his unit 

Frequent repetition of such an occurrence will 
result in needless waste of manpower, will re- 
duce the efl^ectiveness of the unit, will ultimately 
undermine the fighting spirit of the organiza- 
tion, and will mark the Flight Surgeon as incom- 
petent. In many instances, and under cimmi- 
stances of maximum military effort, it may be 
necessary for die Flight Surgeon to refrain from 
removing flyers for minor conditions even at the 
risk of aggravation or complications. Tliis, of 
course, usually occurs only under combat con- 
ditions. 



CHANGES rN FLYING STATUS 
FOR MEDICAL REASONS 

Air Force Manual 35-13 prescribes the basic 
conditions and procedures regarding ground- 
ings, suspensions, excusals and the removal of 
same for rated flying personnel. The Flight Sur- 
geon must know the provisions of this manual 
thoroughly. 

Grounding 

When the officer is physically disqualified by 
an illness or injury not associated with an avia- 
tion accident or the performance of hazardous 
duty, the officer will be grounded administra- 
tively for a period not to exceed 3 months. If 
the officer has met his flying requirement (for 
pay purposes) for the month in which the in- 
capacity was incurred, the grounding period will 
be dated, for administrative purposes, from the 
first day of the following montb. If the flying 
requirements had not yet been met for the month 
in which the officer was physically disqualified, 
the grounding will be administratively dated 
from the first day of the current month. 



It is emphasized that, even though no suspen- 
sion is imposed during this three-month period, 
the officer is not peimitted to fly from the date 
of the physical incapacitation until be is found 
physically qualified by competent medical au- 
thorities, regardless of the administrative dating 
of tlie grounding. The accompanying Air Force 
Form 1042, "Medical Recommendation for Fly- 
ing Duty", is used in recommending grounding, 
suspension, excusal or removal of same. The de- 
tails concerning completion of this form may be 
found in AFR 160-45. The use of the three- 
month grounding period is advantageous to the 
flyer. Since he is not suspended from flying, his 
widow would collect flying pay as a portion 
of the death gratuity in the event he did not 
survive. More importantly, however, this ground- 
ing allows the local Flight Surgeon a prolonged 
period in which to care for his patient and make 
local disposition without referral to higher head- 
quarters. 

The removal of the grounding is accomplished 
locally again with the use of Air Force Form 
1042. However, the Flight Surgeon may find it 
necessary to query higher authority for cer- 
tification of the medical examination in the event 
that a waiver is being requested for some type 
of disqualifying defect. It is necessary to obtain 
certification from the Surgeon General in those 
cases for serious illness or injury as defined in 
AFM 160-1. 

Suspension 

Although he may be concerned with any or 

all reasons for suspension, as defined in AFM 
35-13, the Flight Surgeon will be most concerned 
with suspension for medical reasons. Suspension 
for medical reasons is usually controlled by the 
recommendation of the Flight Surgeon. There 
may be circumstances where a commanded- will 
suspend an individual for medical reasons in the 
absence of medical advice. Conversely, there 
may be times when a commander will refuse to 
suspend an individual in the face of medical 
advice to do so. Such occurrences are quite rare 
and usually are related to the combat situation. 

The suspension will be imposed with the is- 
suance of local orders by the individual's com- 
mander on the first day of the fourth month 
following the administrative date of grounding. 
It is obvious that the time following physical in- 
capacitation may vary slightly, depending 
upon whether the individual was injured or lie- 
came fll early in the month and had met his 
flying requirements prior to the injuiy or illness. 
The suspension comes immediately under the 
control of higher authority. The local suspension 
orders, together with adequate medical records, 
are forwarded to the next higher authority, 
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whether it be munbered Air Force, subcommand 
or major air command. The suspeosion will then 
be confirmed by orders from this higher com- 
mand. 

An exception to this reporting to only the next 
higher command exists if the ofiScer suffers a 
serious injury or illness as defined in AFM 160-1. 
In this case, as in the grounding situation, the 
suspension together with complete medical data, 
will be forwarded through medical channels to 
the Surgeon General, USAF, for certification. 
When the incapacity has persisted for six 
months, which means that the officer now has 
been suspended for three months, the interme- 
diate command will forward copies of the sus- 
pension orders and the medical report to the 
major air command for confirmation. When an 
officer has been suspended for one year (15 
months of physical incapacity) the suspension 
orders, together with tbe medical report, are 
forwarded to the Surgeon General, USAF. See 
the related chart, 

The remofval of suspension is accomplished by 
the commander having authority over the sus- 
pension. The intermediate command or num- 
bered Air Force has authority to remove suspen- 
sions imposed for physical disqualification if 
the suspension has not been in effect longer than 
three months, (the officer's incapacity has not 
existed more than six months), the suspension 
has not been confirmed by higher authority, 
and if the individual has not had a serious in- 
jury or illness. 

All of the foregoing discussions refer to the 
administrative procedures concerning the status 
of oflSceris only. Confirmation of suspension for 
physical disability imposed upon airmen or avia- 
tion cadets is not required by higher authority. 

Local commanders having authority to place 
such individuals on flying status also impose and 
remove suspensions for physical disability. The 
local Flight Surgeon is competent authority to 
determine the physical qualification of airmen 
or aviation cadets. However, if there are ques- 
tions or controversies, he may forward the med- 
ical examination to higher authority for certifica- 
tion. 

Excusals 

An individual on flying status, who is phys- 
ically incapacitated for flying duty by an injury 
or illness due to an aviation accident or as a 
result of performing hazardouis duty, will be 
excused from meeting flight requirements for a 
period of no longer than three months. This 
three-month period will date from the first of 
the month in which the individual was incapaci- 
tated, if he has not met that month's flying re- 
quirements (for pay purposes), and if he has 



met the month's flying requirements, it will be- 
gin on the first of the following month. This is 
the same as the dating previously given for 
groundings. 

The individual will draw flying pay when he 
is excused from meeting the flying requirements. 
The flight surgeon is responsible for eerfifying 
the military pay order, in accordance with the 
provisions of AFM 173-20. 

An individual injured in an aviation accident 
would be excused for a period of three months, 
then if his incapacity stiU existed he would be 
grounded for a period not exceeding three 
months, and if his incapacity still existed he 
would be suspended. The normal procedures for 
handling groundingis and suspension would then 
be followed. 

Identification of persons who are to be grant- 
ed the privilege of excusals is not easily made in 
all cases. The only persons who can be assured 
of the privilege of excusal are those who were 
listed in crew positions on the Aircraft Clearance 
Form of the damaged aircraft. It has been deter- 
mined that rated bystanders and rated persons 
who are injured in the course of extrication, fire 
fighting, or accident investigation are not en- 
titled to excusal. If there is any doubt as to 
whether the individual concerned is privileged 
to be excused from flight requirements, a recom- 
mendation for his excusal may be made but the 
individual should be told that the final determi- 
nation as to his eligibility for the excusal privi- 
lege will be made by finance officers" and per- 
haps by the Comptroller, Headquarters, USAF. 

The privilege of excusal applies only to the 
flying that is required to qualify for flight pay. 
There may be excusal from a proportionate 
amount of the minimal annual flying require- 
ments outlined in AFR 80-2. This decision will 
be made by the commander of the organization 
to which the individual is attached for flying, 
and may be based upon appropriate recommen- 
dations by the Flight Surgeon and the operations 
officer or others. 

DISPOSITION PROBLEMS 
CONCERNING FLYING STATUS 

One of the major administrative and profes- 
sional activities of the Flight Surgeon is that of 
determining the disposition of certain difficult 
problem cases with respect to flying status. 
These are cases in which a decision must be 
reached as to whether the individual will be al- 
lowed to continue to fly with a physical defect 
or will be removed from flying status, perhaps 
permanently, because of the physical defect. 
The physical defect may result from an injury 
or may remain following an illness. It may be a 
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MEDICAL RECOMMENDATION FOR FLYING DUTY 

(DvlDch Djogntuii for othtr than madicol uit of form} 



Commander 
3790th Air Base Group 

Rrnnlts Air f nrrp T^ago, T^yaB 



1 Sep 61 



FROM: Flight Surgeon 

3790th USAF Dispensary 
Brooks ATB. Te iras 



H05P 
CODI 

7415 



CERTIFICATE 

□ jfOH INCOMrNG flVING PeiSONNCi ONLY] 
I CEHTIfY THAT I AM ON HWNJS STWUS /M:C0I(0ING TO Cult- 
M*ff OKDIKS Alio THAT I HAVe HAO MO atNtss On JNJUHY 
SINCt ItAVIMO MY I AST STATION, IXCtM AS HECOROED 
lELOW. 

Ha I CERTIFY THAT I HAVE lEEN NOIIFIED Of THE lECOMMEMDA 
TIOMS RELOW AND UNDERSTAKO THE ACTION lElNG TAKEN 
THIS DATE. 

I I I HAVE >EEN OFFICIAUY NOTIFIED THIS DATE THAT I ihovt btn 
groundtd bwcout* of phyficaf dijqua/jficorion for fifing duty} {ant 
phyiitalty quqWfltd for fifing duty). 



SIGNATUte OF FLTE 




1. lAST NAME— n«ST NAM— MIDDLE INIIIAl 



Dae, John A, 



3. SeSVICE MUMitll 

AO304605 



4. AGE 

2E 



Capt 



5. TOTAL flYINC TIME 

2000 



&. ODGAMZATION AND MAJCH! COMMAND OF ASSIGNMENT 

3790th Air Base Group 
Brooks AFB. Texas (ATC) 



7. MONTH IN WHIQi FltGHT KEQUIIie- 
MENIS WERE LAST MET 



January 



B. RATING, OESIONATION OR HYING 

DUTY 

Pilot 



CODE 

JA 



CODE 

C 



CIE, 



<NCE FOIl FLYING DUTY (S GIVEN UNDEt 
■ THE FOLtOWING ClOCLJMSTANCES 



9. ACTUAL DATE FOUND MfDICALLY INCAPACITATED TO FlY 
IDar, Monlf), Yuri 



21 Jan 61 



coot 
0161 



1 , »EI>0«TINO TO A NEW StAtLON 



3. ANNUAL MEDICAL EXAMINATION 



3, OIHM REOUIKEMENT FOR CLEARANCE \Sptcifri 



1 0 ESriMATED DURATION OF INCAPAC- 
irf TO FIT 

Over 6 months 



1 I . STANDARD FORM 88 IS 
AnACMED 



1 SERIOUS ILLNESS 

(IF gniwar it "ymi'\ ailadi Standard Form SS) 



AERO ORDERS 



INDIVIDUAL 
PRESENTLY 
SUSPENDED BY 



SUSPENSION 
CONFIRMED 



TYPE OF ACTION RECOMMENDED 
{ClitcJf ont) 



(I) EXCUSAL not to EXTEND BEYOND LAST OAY OF 



MONTH AND YEAR 



AERO ORDER NO, 



75 



101 



(2) GROUNDIIMG NOT TO EXTEND BEYOND LAST DAY Of 



HEADQUAtTERS 



AMedC 
Brooks AFE 
Texas 



ATC 
, Randolph 
AFB, Tex 



(3) SUSPENSION AS OF FIRST DAY OF 



II) REMOVAL OF EXCUSAL 



PARAOIAPM NO, 



(51 REMOVAL of GROUNBtNC 



1 Aug 61 



6 Aug 61 



|6| REMOVAL OF SUSPENSION 



15, COMPntNT CEKTIPYING AUTHORITY [Whtn box [4i, (i), or |6) in ««n 
] 4 tl dtmck^, Indkqta wMroHly 1q certify ot phytii^vUy quaJjAad. ) 



16. TOTAL DAYS (Nwmlj#r of days from actual dat« pf in«iptKi>aljon {Itvn 9} 
to dot* of c*rfjBentf&n hy comprfttn* auJhor#*y m pfiymaHf qvolifitd to 





tASE 




NO. AIR 




MAJOU AIR 




HQ USAF 








FORCE 




COMMAND 






DAYS DURATION IN MfDICAt fACILITY ' 


62 




TYPEO OR PRINTED NAM! AND GRADE OF FLIGHT SURGEON OR AVIATION MEDICAL 
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long standing condition discovered during the 
periodic examination or some historical event in 
the individual's past medical record. Regardless 
of the manner in which the Flight Surgeon be- 
comes aware of the medical condition and re- 
gardless of who the individual is, immediate 
steps must be taken to resolve the problem in 
the best interests of flying safety and the well- 
being of the individual. 

The Flight Surgeon must be well versed in 
the provisions of AFM 160-1 with respect to 
physical standards for flying duty, special re- 
quirements for serious illness and injury as de- 
fined therein, and the provisions for the granting 
of waivers for certain defects. 

While it is true that the Unit Flight Surgmn 
does not make the final decision with respect 
to permanent suspension from flying, it must be 
recognized that he is fully responsible to ini- 
tiate action which may ultimately result in such 
a decision. The Flight Surgeon is responsible 
for a thorough evaluation of the defect and in 
the performance of the individual. He will often 
need the expert clinical evaluation of a specialist 
consultant before a final reconnnendatibn is for- 
warded to higher headquarters. 

When consultations are obtained for this pur- 
pose, great eare must be taken to assure that 
die consultant receives complete medical and 
other information having a bearing on the case. 
The Flight Surgeon should also be certain that 
the consultant, whether military or civilian, 
fully understands the importance of giving no 
information to the individual being evaluated, 
either directly or by implication, regarding final 
disposition of his case. No opinions, one way or 
the other, concerning final disposition should be 
given to the individual. He must be handled as 
tactfully as possible if he begins to press for an 
answer. It can always be explained that the 
evaluation is not completed until all reports 
have been assembled and reviewed at higher 
headquarters. 



AVIATION MEDICINE CONSULTATIONS 

Although all USAF hospitals render consulta- 
tion service to the FUght Surgeon, he has felt 
a need for consultation on the aviation part of 
his aviation medicine problem. Such consul- 
tation is available to 'Tielp evaluate difficult, 
obscure or boi'derline aeromedlcal problems". 
Under the provisions of AFR 160-103 Aviation 
Medicine consultation centers were established 
at the School of Aerospace Medicine, Wright- 
Patterson AFB Hospital and Wiesbaden {Cen- 
tral Medical Group). Any individual on flying 
status may be referred to one of these services 



if local facilities are insuflScient or another con- 
sultant opinion is desired. 

Frequently higher headquarters (Division, 
Air Force, Comtnand, etc, ) or the Surgeon Gen- 
eral may request that a case be seen at an Avia- 
tion Medicine Consultation Center prior to ren- 
dering a decision concerning flying status. 
Thus a referral may come directly from the local 
Flight Surgeon or from higher levels. The pa- 
tients referred are always outpatients, and are 
placed on temporary duty status. 

It is extremely important that the referring 
Fhght Surgeon provide the Consultation Service 
with a complete history and provisional diagno- 
sis (SF 513 ~ Consultation Request)^ copies of 
a current physical (SF 88) and a statement of 
performance from the consultee's immediate su- 
perior. The completed report of consultation 
will include copies of the individual specialists' 
reports as well as an Aviation Medicine sum- 
mary. 

If the patient is to be handled as an inpatient, 
consultation is available at the Lackland AFR 
Hospital as described in AFR 160-120. That di- 
rective provides for an Aeromedical Review 
Board. Patients are referred to this Board only 
upon authorization by the Major Command or 
Headquarters, USAF, These higher eommands 
may in some cases direct that a patient be re- 
ferred to the Aeromedical Review Board, 

The Flight Surgeon will make his final recom- 
mendation to higher headquarters basing what- 
ever decision he makes on a composite evalua- 
tion. The fundamental requirements of AFM 
160-1 will be followed. Any waivers recom- 
mended will not compromise flying safety or 
the individual's future health. A consultants' 
opinion may be entirely valid under routine 
clinical practice but must be applied to the fly- 
ing situation. In the final analysis the Unit 
Flight Surgeon should be most capable of giving 
a decisive recommendation. This is particularly 
true if the condition lends itself to in-flight 
evaluation. The Flight Surgeon, regardless of 
type of unit to which he is cuiTen% assigned, 
must realize that the sole purpose of maintaining 
aircrew members on flying status is to support 
the combat potentialities of the United States 
Air Force. 

"Medically or Physically qualified for Flying 
Duty" means that the aircrew member is capa- 
ble of functiomng as such in any aircraft requir- 
ing his duty position (pilot, navigator, radar 
observer, engineer, radio operator, gunner, etc.) 
anywhere in the world in any type of opera- 
tional mission. There is no such thing as "copilot 
only," or "transport type only" status. A fighter 
pilot may be required to fly transports, as in 
the Berlin Airlift. Troop-earrier pilots may fly 
fighter missions, as in the early Korean cam- 
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paigns. The Air Force cannot maintain at all 
times complete specialized crews in all areas. 

This is a basic factor in all Aviation Medicine 
policy. From a physical standpoint, every crew 
rnember must be "combat ready." This includes 
the Flight Surgeon. 

There are certain illnesses which compromise 
flying safety and effectiveness though interfer- 
ing little or not at aU with ground duties or in- 
dustrial employment. Among these are defects 
of the coronary circulation, anemia, unexplained 
loss of consciousness, convulsive disorders, and 
diseases requiring maintenance therapy. Re- 
gardless of how well a person so afiBicted re- 
covers, or how perfectly his illness is controlled, 
he will be medically disqualified for flying by 
the Flight Surgeon despite staff recommenda- 
tions. 

In other diseases, when doubt exists, the 
Flight Surgeon may base his opinion on per- 
formance in the aircraft in flight. Orthopedic 
defects, hearing defects, and ENT defects are 
evaluated in this fashion. The Fli^t Siwgeon 
flies with the crew member whose ability is in 
question and directs the aircraft to be put 
through maneuvers which impose a critical 
strain on the affected part. With his specialized 
knowledge of aircraft performance, proficiency 
standards, anatomy, and physiology, the Flight 
Surgeon evaluates the patient's safety and pro- 
ficiency capabilities. In the case of psychiatric 
and possible "fear of flying" cases, the Flight 
Surgeon may fly one or more complete missions 
with the patient to evaluate his capability. 

For these reasons, consultants and hospital 
staff members should not be disgruntled if 
their recommendations are not always observed 
by the Flight Surgeon. He alone has medical 
responsibility for the flying safety and physical 
proficiency of aircrewmen. This is a parianount 
consideration in the practice of Aviation Medi- 
cine. 

Flight Surgeons, on the other hand, should 
discuss with consultants the aeromedical fea- 
tures of clinical problems so that mutual Tmder- 
standing and accord exist in the ultimate course 
taken. 

Recommendations forwarded to higher head- 
quarters are reviewed by the Surgeon of the 
major command or in some cases by iiiB Surgeon 
at numbered air force level. In many instances 
where waiver is recommended, it can be granted 
at this first review level and the qualification for 
flying will be certified and returned without 
reference to Headquarters, USAF. In certain in- 
stances, however, the report of evaluation must 
be forwarded to Headquarters, USAF. The 
current policy authorizes major commands to 
grant waivers to rated or designated personnel 
on flying status for any defect listed in Air Force 



Manual 160-1 as disqualifying for flying duty, 
excqpt for the following, in which case review 
and waiver authority are retained by Head- 
quarters, USAF: 

1. Any defect which has resulted in a suspen- 
sion by this Headquarters (AFR 36-57) . 

2. Final determination for any defect which 
has resulted in a suspension remaining in effect 
for more than one year. Certification may be 
given for appearance before a Flying Evalua- 
tion Board (AFR 36-57). 

3. Any loss of consciousness, regardless of 
duration or circumstances. 

4. Any mahgnant disease. 

5. Massive gastrointestinal hemorrhage, per- 
forated peptic ulcer, gastrectomy or gastroenter- 
ostomy. 

6. Any disease or defect of the eye or its 
adnexa which might threaten normal binocular 
vision. 

7. Visual acuity defects in either eye exceed- 
ing 20/200, correctible with lenses to 20/20. 

8. Recurrent spontaneous psoeumothorax. 

9. Intrathoracic surgery exclusive of pulmon- 
ary segmental resection. 

10. Any heart disease, including paraoxysmal 
arrythmias, electrocardiographic abnormalities 
and suspected coronary insuflBciency. 

11. Systolic blood pressure findings consist- 
ently greater than 170 mm Hg or diastolic read- 
ings greater than 100 mm Hg. 

12. Any craniocerebral injury. 

13. Encephalopathy or central neurological 
disability. 

14. Chronic alcoholism or other disease, the 
proximal cause of which is alcohoUsm. 

15. Suspected or attempted suicide. 

16. Any psychosis. 

17. Diabetes mellitus. 

18. Fenestration operation for otosclerosis. 

19. Any controversial condition which, in the 
opinion of the Command Surgeon, warrants a 
decision by Headquarters, USAF. 

During the period of evaluation of these dis- 
position cases the individual will be removed 
from flying status until final clearance is ob- 
tained from the headquarters retaining jurisdic- 
tion in accordance with AFM 35-13 and AFM 
160-1. 



OTHER DISPOSITION PROBLEMS 
OF CONCERN TO THE 
FLIGHT SURGEON 

In addition to disposition problems concerning 
flying status the Flight "Surgeon will usually also 
be involved in final disposition of cases follow- 
ing suspension. These dispositions are generally 
resolved by medical action or by line adminis- 
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trative action. USAF Board action may fre- 
quently be involved. A full discussion of pro- 
cedures in this area will not be presented; how- 
ever, reference listings are given at the end of 
this chapter. The Flight Surgeon must become 
famihar with the provisions of these directives. 

In determining which directives and proce- 
dures are appUcable to specific cases under con-* 
sideration, the Flight Surgeon must be fully 
aware of all factors involved and particularly so 
with respect to all cases which fall in the cate- 
gory of unfitness and noneflfectiveness. 

The Air Force policy with respect to manage- 
ment of noneffective personnel, both ofEcer and 
airmen, requires an enlightened and practical 
military medical concept on the part of the 
Flight Surgeon. All possible professional med- 
ical support will, of course, be given to the treat- 
ment and rehabiKtation of the sick and wound- 
ed. There are, however, circumstanGes when an 
apparently callous attitude toward the com- 
plaints iand symptoms of some personnel is es- 
sential. 

The Flight Surgeon must under no circum- 
stances beeonie the shield or the haven for per- 
sonnel with complaints and exaggerated symp- 
tomatology that stem from a basic personality 
defect and result in an unwiUingness to serve. 
Should this occur, the problem will grow and in 
a very short time will become almost insur- 
mountable. Almost daily, the Flight Surgeon will 
encounter unhappy military personnel, seeking 
the assistance and protection of the Medical 
Service, which offers to them the only apparent 
honorable escape from unpleasant duty assign- 
ments, hazardous duty, or military service itself. 
The Medical Service, therefore, must properly 
evaluate, treat, and rehabilitate as indicated the 
host of personnel who present themselves offer- 
ing complaints, allegations of exaggerated symp- 
tomatology, psychosomatic syndromes, and acute 
psychoneurotic patterns. 

The physician who fails to recognize these ad- 
justment mechanisms promptly may actually 
aid in making ineflEective an otherwise salvage- 
able airman or officer. Purely subjective symp- 
tomatology must be critically weighed and eval- 
uated. For the most part, objective symptoma- 
tology offers the only valid basis for the evalua- 
tion of mihtary personnel. From 1942 to 1945^ 
the Armed Services discharged one and one- 
third million men for physical disability, only 
10% being due to battle and other traumatic in- 
juries. Any logical deduction must conclude that 
a great percentage of this number, while actu- 
ally possessing the inate capacity to render ef- 
fective military service, were ineffectively han- 
dled by both command and the respective Med- 
ical Services, with resultant military waste of 
American manpower. 



The majority of individuals, who become 
problems for potential transfer or discharge, 
offer the Medical Officer an opportunity for crit- 
ical self-analysis of his own and medicine's 
shortcomings in the rehabilitation of borderline 
individuals to effective military service. All hu- 
man failings become translated into terms of 
mental or physical complaints or symptoms. Too 
frequently, tihe immature, inadequate person- 
ality, the defective attitude or motivation, the 
constitutional psychopathic state, or the under- 
lying character behavior disorder is of more sig- 
nificance than the physical abnonnality or con- 
dition on which the individual has focused his 
symptoms. It is both impractical and illogical 
for the Medical Service to assume the responsi- 
bility of relieving Command of all of its non- 
effective personnel. The goal should be the con- 
version of personnel into effective members of 
the team and elimination of only the unsalvage- 
able noneffectives. 

The documentation of noneffectiveness, as 
reflected by repeated and excessive hospitaliza- 
tion of personnel, without appropriate admin- 
istrative Tecommendation, represents wasted 
medical talent. It also implies that Surgeons and 
their commanders may have failed to administer 
such cases adequately. It is well known that 
psychoneurosis, psychosomatization, and exag- 
geration of physical symptoms constitute the 
most frequent adjustment mechanisms whereby 
an individual seeks to escape military service or 
unpleasant duty assigmttent. 

Effective restoration to duty and/or salvage 
for duty will be in proportion to the vigorous 
manner in which all Surgeons and their Com- 
manders meet such cases. The Surgeon's respon- 
sibility is to determine whether incapacitating 
organic or tiaie psychiatric disease is present. 
When medical opinion establishes these answers 
in the negative, the individual should be expe- 
ditiously returned to duty with firm assurance 
regarding his ability to ]>erform duty or specified 
type of duty. 

To constitute adequate support for a firm rec- 
onwnendafion, a Medical Officer or Medical 
Board need not resolve every doubt as to 
whether a patient does or does not experience 
minor subjective symptomatology. Absolute an- 
alysis of subjective symptoms is seldom possible 
and is not a vital part of a medical evaluation. 
Objective medical evidence of physical capa- 
bility for mihtary duty is the only sound sup- 
port for personnel action. 

Malingering, exaggeration of minor symptoms, 
and mild psychosomatic difficulties are closely 
related and difficult to differentiate. Therefore, 
trial by court martial is seldom practicable un- 
less admissible evidence has been carefully doc- 
umented. Where an individual's symptoms, un- 
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supported by medieal findings, interfere with 
military duty, medical service has the responsi- 
bility for making appropriate recommendation 
for administrative consideration and/or disposi- 
tion of individuals. 

Whenever medieal opinion discloses that an 
individual is unlikely to render effective mili- 
tary service, and the escape or adjustment 
mechanisms are functional manifestations or al- 
legations of physical symptoms, the individual 
may be brought before a Medical Board con- 
vened by the Surgeon under the provisions of 
AFM 35-4. Specfic clarification should be made 
that the individual does not have a disablHty 
within the purview of AFM 35-4, and adequate 
description of the psychopathic state, the char- 
acter and behavior disorder, the defective atti- 
tude or unwillingness to render miUtary service, 
etc., should be set forth. Following a detailed 
clinical summary, should the Medical Board be 
convinced of any conclusion, as established be- 
yond a reasonable doubt ( every doubt need not 
be resolved), such conclusion should be set forth 
with appropriate recommendation for disposi- 
tion. 

Minimal to moderate psychiatric disorders 
(such as situational maladjustment, or anxiety 
reactions manifested or precipitated on the basis 
of an individual's unwillingness to render miH- 
tary service or to meet Military stress ) do not 
necessarily constitute unfltti€>ss within the mean- 
ing of AFM 3S-4. Such reactions are usually 
temporary, and moderate treatment and/or en- 



vironmental change ( including return to civilian 

life), abolish the superstructure of the acute 
neurosis, leaving only the basic personality de- 
fect. 

The underlying psychopathic personality, 
the character and behavior disorder or the in- 
adequate immature personality, is too frcqTjent- 
ly hidden under an acute pattern of purposive 
£md/or volitional symptomatology and psychia- 
tric phraseology. It is important when making 
recommendations that the degree of stress and 
causes, rather than the temporary severity of 
symptoms, be considered and that distinction be 
made between individuals unable to adjust and 
those unwilling to adjust. 

It must be kept in mind that the Air Force 
may not retain personnel who cannot, or will 
not, render effective miHtary service. On the 
other hand, manpower requirements will not 
permit discliarge of personnel who can reason- 
ably be expected to perform effective military 
service. In view of the above and so that med- 
ical personnel may satisfactorily fulfill their du- 
ties where management of noneffective personnel 
is concerned, complete imderstanding of direc- 
tives on this subject is essential. 

AIRCREW EFFECTIVENESS REPORTS 

Two important reports of concern to medical 
officers are the Base Aircrew Effectiveness Re- 
port and the Command Aircrew Effectiveness 



55-8 



FLIGHT SURGEON'S MANUAL 



Report. Both of these reports are covered in 
detail in AFR 160-69. 

Base Aircrew EfFectiveness Report 

The Base Aircrew Effectiveness Report for- 
mat, as shown in the accompanying illustra- 
tion, is prescribed by AFR 160-69. This report is 
designed to provide information on the Aircrew 
Effectiveness Program, This information is used 
to formulate poHcy, develop research require- 
ments, and determine the scope and content of 
medical instruction as related to flying activities. 
It is also used as a basis for corrective action 
when such action is indicated. 

The Rase Aircrew Effectiveness Report pro- 
vides important information to higher Air Force 
echelons, including Headquarters USAF. It 
should be prepared carefully and correctly. In- 
formation for the preparation of this report is 
obtained through observations by the Aviation 
Medical Officer while on the flight line, during 
aircraft flights, while assigned to tactical units, 
or in the professional care of flying personnel. 
Comments may be made on any of the factors 
of importance in the Aircrew Eff(;ctiveness Pro- 
gram (AFR 160-69). Subjects specifically men- 
tioned for comment are: 

1. Pliysical and Mental Health of Flying 
Personnel. {Physical fitness, morale, factors 
productive of stress or fatigue, noise problems, 
air rescue, air evacuation, clinical medicine, and 
aviation toxicology. ) 

2. Flying Safety and Equipment. (Flying 
safety, programs and meetings, care of aircrew 
casualties, personal equipment, aircraft equip- 
ment and facihties, and medical equipment. ) 

3. Training, Administration, and Research. 
(First aid training, aviation physiology indoc- 
trination, crash rescue proficiency and training, 
administrative problems, unsatisfactory re- 
ports submitted, and local research.) 

4. Other Aeromedical Problems. (Situations, 
conditions, problems, or cases not mentioned 
above. ) 

Copies of the Base Aircrew Effectiveness Re- 
port are sent to Headquarters USAF; to Com- 
mander, Air Force Systems Command; to Com- 
mandant, USAF School of Aerospace Medicine; 
and to intermediate lieadquarters as directed by 
the major commands. When the report reaches 
Headquarters USAF, it becomes the concern of 
the Division of Aviation Medicine. Problems 
mentioned in these reports are extracted and 
forwarded to appropriate staff sections for hw- 
ther action or follow-up study. 

For example, problems in connection with the 
preparation of SF 88 are referred to the Physical 
Standards Division; problems and suggestions 
relating to personnel are extracted and made 



icnown to the Directorate of Stafiuig and Edu- 
cation; suggestions for new or irnproved equip- 
ment or requirements therefore are extt'acted 
and forwarded to the proper agencies of the Air 
Force Systems Command. 

Command Aircrew Effectiveness Report 

The Command Aircrew Effectiveness Report 
is prepared in narrative form each period by 
the surgeon of each major air command, and 
follows the general headings of Section I of the 
Base Report when applicable. Data for its prep- 
aration is obtained from Base Aircrew Effective- 
ness Reports, reports of staff visits, and various 
other sources within the command. This report 
reflects the over-all aircrew effectiveness within 
the command. It includes remarks concerning 
action taken at major command level to re- 
solve problems presented in base or subordinate 
command reports. It also includes specific rec- 
ommendations or comments regarding all dis- 
crepancies or unsatisfactory conditions on which 
final or satisfactory action has not yet been 
taken. 

Copies of the Command Aircrew Effectiveness 
Report receive the S;ame distribution as Base 
Aircrew Effectiveness Reports and are given 
similar consideration. 



FLYING ACTIVITIES OF 
THE FLIGHT SURGEON 

Most of the important information submitted 
in the Base Aircrew Effectiveness Report will 
be obtained by the Flight Surgeon during his 
flying and flight line activities. It is necessary 
that the Flight Surgeon accomplish all of the 
flying essential to the fulfillment of his in-flight 
monitoring and supervisory and investigative 
responsibihties. He must engage in all types 
of flying with respect to aircraft type meteoro- 
logical conditions, and variety of air operations. 
Regulations require that, where possible, the 
Flight Surgeon will accomplish most of his flying 
in the predominant type of tactical aircraft as- 
signed to his base or unit. It is essential that the 
Flight Surgeon fly with all pilots or crews as- 
signed to his unit and not restrict his in-flight 
experience by flying with only one or a few 
pilots or crews. 

It is the Flight Surgeon's personal responsi- 
bility to ascertain that he is at all times fully 
complying with the requirements of existing fly- 
ing regulations. The variable requirements with 
respect to flying proficiency for the Flight Sur- 
geon are listed in AFR 60-2. Failure to comply 
with the provisions of this regulation may re- 
sult in Flying Evaluation Board action on the 
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individual or a removal from flying status by the 
commander. In logging time on the Air Force 
Form "1", (781-1) the Flight Surgeon will be 
guided by the provisions of AFR 60-7 and TO 
00-20A-1. 

The Flight Surgeon's flying time is officially 
recorded by the Tiine Section of Operations on 
Air Force Form 5A (Individual Flight Record). 
This is accomplished in accordance with AFR 
60-25. The Flight Surgeon must frequently check 
his Form 5A to ascertain that all time is being 
properly recorded and to check his progress in 
conforming with the proficiency requirements of 
AFR 60-2. In addition to the flying time oiB- 
cially recorded on Form 5A the Flight Surgeon 
should also maintain a personal flying log book. 

In-flight actcvities. The type of in-flight ac- 
tivity engaged in by the Flight Surgeon will 
vary with his general assignment as well as with 
specific flight conditions. There are no flights in 
which the Flight Surgeon cannot p«form a 
useful function from the standpoint of continu- 
ous investigation and evaluation of personnel, 
equipment, aircraft design, and flight conditions. 

In assignments involving aeromedical evacua- 
tion operations, the Flight Surgeon is responsi- 
ble for the selection and screening of patients 
as well as the necessary preparation of the pa- 
tients for flight. When the Flight Snrgeon ac- 
companies the patient in flight, he is fully re- 
sponsible for in-flight patient care and manage- 
ment as well as for any decision concerning 
modification of the flight made necessary by the 
patient's condition. 

Frequently the Flight Surgeon must retjuest 
that check flights be given certain individuals 
for the purpose of evaluating a borderline 
physical defect prior to giving medical clear- 
ance, recommending a waiver, or recommend- 
ing indefinite suspension. In these cases there 
must be cooperative effort on the part of the 
Flight Snrgeon and the check pilot, Usually 
special procedures and flight conditions will be 
devised by the Flight Surgeon-check pilot team. 
In other instances of in-flight evaluation it will 
be desirable to observe the flyer in a routine 
operational setting without his knowledge. This 
can, in most cas^, be readily arranged. 

Special projects may require highly specific 
types of activity on the part of the Flight Sur- 
geon. Whfle this chiefly affects those Flight 
Surgeons in research assignments, there are 
many occasions for special activities in opera- 
tional units, as for example, carbon monoxide 
studies, fatigue studies, and studies on dissem- 
ination of infectious organisms within large air- 
craft. 

The observation and evaluation of flying per- 
sonnel, their equipment, work space, and other 



aircraft environmental factors, as well as instru- 
ment panel, control, and general cockpit design 
should be accomplished by the Flight Surgeon 
on all flights. The effectiveness of this activity 
can be greatly enhanced if a suitable check list 
is utilized during the flight. A number of com- 
mands are currently using such lists. 

Reports. The information obtained by the 
Flight Surgeon during his in-flight activities 
must be properly recorded and reported, other- 
wise much of the usefulness of his efforts will be 
lost. Most of this information will be reported in 
the Base Aircrew Effectiveness Report. Other 
information may be recorded and retained in 
the Flight Surgeon's office file for future use and 
reference. Some information concerning individ- 
uals may be entered in the flyer's traveling 
health record. On occasion the Flight Surgeon 
may consider it desirable to write a special re- 
port with specific recommendations for local or 
higher headquarters. Whenever research re- 
quirements are developed, these must be prop- 
erly forwarded in accordance with existing di- 
rectives (AFR 80-21). 

RECORDS IN THE 
FLIGHT SURGEON'S OFFICE 

Records maintained in the Flight Surgeon's 
Office, although varying with the type of unit, 
usually include the following: 

Policy Files 

A policy file of all directives, bulletins, regu- 
lations, manuals, letters, and other pertinent in- 
formation or material concerned with the con- 
ducting of the office must be maintained. 

Daily Diary 

The senior noncommissioned officer in charge 
of the FHght Surgeon's office should be responsi- 
ble for the profier upkeep and preparation of the 
daily diary. 

Traveling Health Records 

In the past, cumulative medical records have 
been maintained by the Flight Surgeon on flying 
personnel. These cumulative records contained 
all medical and related information, concerning 
the individual, of significance relative to his fly- 
ing status and flying career. These records 
were transmitted with the individual upon each 
change of station for the use and information of 
each successive Flight Surgeon. This "traveling 
file" furnished a comprehensive over-aU picture 
of the physic^ and mental make-up of the flyer 
and was invaluable to the Flight Surgeon when 
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a total evaluation of the individual became nec- 
essary. 

This practice of maintaining cumulative 
medical records has been extended to include 
all Air Force personnel — flying and nonflying. 
The maintenance and use of these records is 
governed by AFR 160-77. The official title of 
the records is: Health Records — Field Personnel 
Records Group. In conailion usage the records 
are referred to as the "Traveling Health Record." 

Documents comprising this record are as 
follows : 

1. SF 88. Record of Medical Examination — 
a signed copy of each such report prepared. 

2. SF 502. Narrative Summary — a signed 
carbon copy of each such report prepared. 

3. DD Form 481. Clinical Record Cover 
Sheet — a signed carbon copy of each such rec- 
ord prepared. 

4. Standard Form 602. Syphilis Record — 
original of each such document prepared inde- 
pendently or part of outpatient servlee file. 

5. AF Foim 618. Medical Board Report — 
a signed carbon copy of each such document 
prepared. 

6. Other Pertinent Documents — for flying 
personnel only — a copy of any document "Med- 
ical" or "non-medical" affecting the persons aero- 
nautical rating or designation of flying status. 

7. Outpatient Service File Documents — all 
documents from outpatient service flies applica- 
ble to the patient (AFR 160-77). 

For example— 

a. SF 600. Chronological Record of Med- 
cat Care. 

b. SF 513. Clinical Record — Consultation 

Sheets, 

c. SF 514. Clinical Record ~ Laboratory 
Reports. 

d. SF 519. Clinical Record — Radiographic 
Reports. 

e. SF 602. Syphilis Record — inserted in the 
outpatient service file or in Medical Records 
Section of Personnel Records Group when com- 
pleted. 

8. Dental Treatment Records — Filed by 
the Dental Surgeon, but moved as part of the 
Field Personnel Records Group. {See APR 
160-77). The basic record of the Dental Treat- 
ment Records is AF Form 309, Dental Health 
Record. This form is initiated and maintained 
by the Dental Surgeon for each officer and air- 
man. (See AFM 160-13.) It contains a chrono- 
logical record of dental examinations and treat- 
Bdents given a person dujdng military service. 
It also serves as an important means for dental 
identification of casualties. 

Item 6 above indicates that the Traveling 
Health Record of flying personnel is more com- 
prehensive than that of nonflying personnel. It 



is the Flight Surgeon's responsibility to assure 
complete and proper maintenance of the flyer's 
Traveling Health Record. Some of the additional 
documents which become a part of the flyer's 
Traveling Health Record are: 

1. Orders giving aeronautical designations or 
ratings. 

2. Orders designating a change of flying 
status. 

3. Records of waivers granted concerning 
physical defects. 

4. Records concerning restrictions in flying 
duties. 

5. Records of altitude indoctrination. 

6. Records concerning aircraft accidents in 
which the individual is involved (Form 14B re- 
quired on all pilots involved in a major aircraft 
accident either as passenger or crew members). 

7. Extracts of Board proceedings, such as 
FEB. 

8. Records concerning foreign service. 

9. Special remarks or evaluations of Flight 
Surgeon. 

The proper maintenance and administration 
of the Traveling Health Record are covered in 
AFR 160-77, which should be carefully consult- 
ed by all Flight Surgeons. Strong emphasis 
should be placed on the proper administration 
of this record. It should be safeguarded against 
loss and violation of its confidential status at 
all times. 



CHECK SYSTEMS FOR 
RENDITION OF REPORTS 

To meet the administrative requirements of 
an organization and to insure prompt rendition 
of necessary reports, some type of check system 
will prove very helpful. Several suggested check 
systems are the: 

Calendar Method 

Prepare a chart outlined in accordance with 
the current month and list under each date the 
reports on that date. 

"Tickler" System 

Using a 3- X 5-inch filing cabinet, list on an 
index card the reports due on a certain date 
and file under that date. 

Suspense File 

Number 31 file folders consecutively and in- 
sert a memorandum in the appropriate folder 
for the reports due on that date. 
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Locator Board Type Method 

Prepare a board wifJi the names of the re- 
ports in the vertical a^sis and the days of the 
month in the horizontal axis. Insert a peg for 
each report under the appropriate day. 

PERSONNEL PROCESSING 

Clearance of Newly Arrived Personnel 

A very necessary procedure in the work of the 
Flight Surgeon is the clearance of newly arrived 
personnel at the base or unit. The Flight Sur- 
geon's OfBce at every base and unit is one of 
the key checking points for all in-processing as 
well as out-processing forms. Before newly ar- 
rived personnel are permitted to fly, they must 
be interviewed and examined as extensively as 
deemed necessary by the Flight Surgeon at the 
new station and given medical clearance before 
undertaking flying operations. This clearance 
should include an acknowledgment, signed by 
the flyer, to the effect that he is on full flying 
status, is in good health, and has had no illness 
or injury since his departure from his last sta- 
tion. This clearance of incoming flying personnel 
is a key item for the flyer's record file and must 
not be neglected. 

The AF Form 1042, "Medical Recommenda- 
tion for Flying Duty", also has a section for 
Medical Clearance. There is a certificate for the 
incoming flying personnel to sign and then a 
series of boxes in which a check mark clears 
the flyer on reporting to a new station, after 
an annual medical examination or after an avia- 
tion accident. 



ANNUAL MEDICAL EXAMINATION 

Physical fitness is the specific responsibility of 
the individuals in the United States Air Force. 
Continuing efliorts should be made by medical 
personnel to impress upon everyone the value 
of good health, and the requirements for its 
maintenance. AFR 160-10 establishes the re- 
quirements for an annual medical examination 
for those on flying status; those who have 
reached age 40; and for Air Traffic Control and 
Physiological Training personnel. The annual 
medical examination is to be completed within 
the 60-day period preceding the individual's 
birthday. ResponsibiHty for obtaining this ex- 
amination rests w^th the individual, but he is 
usually reminded by the Unit Personnel Officer. 

After several years of requiring accomplish- 
ment of a complete medical examination as out- 
lined on SF 88, current regulations have adopted 
the family physician's point of view. The num- 



ber (rf required examinations and laboratory 
procedures are kept to a minimum by the physi- 
cian, who is in nowise limited to perform only 
these required procedures. He has full freedom 
as to physical examination and the laboratory 
work performed. As these individuals have all 
had very thorough initial examinations and 
have medical care available throughout the year, 
it is felt that an interval history with detailed 
questioiung and examination of any indicated 
problem areas provides the most logical and 
acceptable type of annual medical examination. 

The success or failure of the annual medical 
examination depends upon the rapport devel- 
oped by the medical officer and should reach 
the zenith in a ]Datient during relationship or 
Flight Surgeon relationship. Care should be 
taken to schedule the examination with sufficient 
time to allow the development of personal rap- 
port and an unhurried discussion of the patient's 
problem. Individual appointments should be 
made and the physician should explain the 
philosophy and mechanics of the examination 
to the examinee. This personal and individual 
contact between flyer and Flight Surgeon is im- 
perative if one is to detect incipient disease, 
counsel the examinee and assist in maintaining 
the individual as an efficient member of the 
United States Air Force. 

Slatr Planning 

The Flight Surgeon concerned with combat 
operations usually has the unique position of 
serving in both staff and command functions. 
He is required to perform staff duties in almost 
all activities, regardless of command echelon of 
assignment, because he is always the expert ad- 
viser to his commander in all matters of a med- 
ical or aeromedical nature. Thus, the squadron 
Surgeon has many staff functions comparable to 
those of wing or even Air Force Surgeons, but 
these are of a more detailed nature. The Flight 
Surgeon also has command functions, in that he 
furnishes and supervises the medical support of 
aU operations and assures the most efficient 
utilization of medical personnel and facilities. 

In most situations, medical support of military 
operations cannot operate independently and 
must have the full support and cooperation of 
nonmedical command elements. This support 
and cooperation in which the Flight Surgeon 
exercises technical command is assure by careful 
medical planning and the intermeshing of the 
medical plan with the over-all operational plan. 
The medical plan, of course, must be specifically 
designed to support the particular air operations 
under consideration. 

In order to assure the successful develop- 
ment of a medical plan which will satisfy the 
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requirements of any air operatton, an effective 
and systematized planning procedure should be 
followed. The Flight Surgeon preparing medical 
plans is serving in the capacity of a staff oflBcer 
and must be fuUy recognized as an essential 
part of the Commander's staff, otherwise the 
formulation of an adequate medical plan will 
be impossible. He must have full knowledge of 
the operational mission and must have free and 
complete access to the details of operational 
planning. He should, therefore, attend all staff 
conferences. In addition to free access to all 
essential information, he must aho have full 
command support for the accomplishment of his 
essential tasks in the development and provision 
of medical support. 

The complexity of a medical plan will vary 
with the requirements of the specific air opera- 
tion. It may be very simple and routine, consist- 
ing only of the utilization of a number of pre- 
viously developed standard operating proce- 
dures which will fully satisfy the requirements 
of a relatively limited air operation. On the 
other hand, the medical plan may be very com- 
plex and involved, such as one concerned with 



the support of a joint combat operation involv- 
ing all of the military services. 

The essential procedures for the formulation 
of the medical estimate of the situation and 
the production of a medical plan will be found 
in the following references. 
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tiwfer shewU tumm twrnmcy tf ffsferf refewces. 

AFM 400-5; USAF Logistical and Opciational Planning Manual 

Medical Service Manual: Armed Forces Staff College 

FM 8-10; Medical Service, Theater of Operation 

FM 8-55: Medical Field Manual, Reference Data 

FM 100-10: Field Service Regulations, Administration 

FM 101-5: SOFM, Staff Organization and Procedures 

FM 101-10: SOFM, Technical and Logistical Data 

Joint Training Directive for Air-Ground Operations: Hq, USAF 

AFM 35-4 Physical Evaluation for Retention, Retirement, and S^tcaSj^Ott. 

AFM 35-9 Officers Military Personnel Records System 

AFM 35-12 Airmen Military PCTSonnel Records Systems 

AFM 35-13 Flying Status, Aeronautical Ratings, Designations and Parachute 
Jump Status 

AFM 62-5 Aircraft Accident Prevention— Investigation— Reporting 
AFM 75-37 Preparation for Oversea Movement of Air Force Units 
AFM 160-1 Medical Examination 
AFM 1 60-42 Psychiatry in Military Law 

AFR 35-66 Discharge Processing Where Homosexual Acts or Tendencies are 

Involved 

AFR 35-67 Line-of-Duty Determinations and Investigation 

AFR 36-2 Elimination, Demotion, and Release from Active Duty by Reason 

of Conduct, Fitness, or Efficiency 
AFR 36-12 Administrative Separation of Commissioned Officers and Warrant 

Officers of the Air Force 
AFR 39-11 Discharge for Marriage, Pregnancy and Minor Children 
AFR 39-14 Separation for Convenience of the Government 
AFR 39-16 Discharge for Unsuitabihty 

AFR 39-21 Disposition of Persons Who Fraudulently Enlist in the Air Force 
AFR 51-4 Flying Training In Officer Grade 
AFR 60-2 Annual Flying Requirements 

AFR 60-7 Logging of Flying Time; Definitions Related to Flying Duties 

AFR 60-25 Individual Flight Records for Pilots and Rated Non-Pilots 

AFR 62-14 Aircraft Accidents 

AFR 160-10 Periodic Medical Evaluation 

AFR 160-69 Aircrew Effectiveness Program 

AFR 160-13 Statistical Classification and Basic Diagnostic Nomenclature of 

Diseases and Injuries with a List of Surgical Operations 
AFR 160-55 Central Facilities Prov ided for the Department of Defense by 

Armed Forces Institute of Pathology 
AFR 160-64 Air Force Tumor Boarcb 
AFR 160-75 Emergency Treatment Tag - AF Form 38 
AFR 160-77 Health Records - Field Personnel Records Groap 
AFR 160-102 Preventioti and Control of Communicable Diseases erf Man — 

Immunization Requirements and Procedures 
AFP 160-5-1 Immunization 

AFR 160-103 Aviation Medicine Consultant Service 
AFR 160-104 FAA, Use of AF Medical Examinations for: 
AFR 160-120 Aeromedical Review Board 
AFR 160-121 USAF CER Library 
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MEDICAL TREATMENT FACILITIES 

Generally speaking there are two types of 
USAF medical treatment facilities. These are 
the fixed medical treatment facility and the 
non-fixed medical treatment facility. (1) The 
fixed medical treatment facility is defined as the 
physical plant and equipment established as a 
hospital or dispensary for the purpose of pro- 
viding base level, area, or specialized medical 
service to a relatively fixed military population. 
(2) The non-fixed medical treatment facility is 
defined as the physical plant and equipment 
established as a hospital or dispensary for the 
purpose of providing medical support to com- 
bat tactical units. 

Dispensary 

A dispensary is a medical treatment facility 
appropriately staffed and equipped to provide 
outpatient medical service for non-hospital type 
walking patients. Examination and treatment of 
emergency cases are types of services rendered. 
A dispensary is also intended to perform certain 
non-therapeutic activities related to the health 
of the personnel served, such as physical exami- 
nations, immunizations^ medical administration, 
and other preventive medical and sanitary meas- 
ures necessary to support a primary military 
mission. 

A dispensary will be equipped with the nec- 
essary supporting services to perform its as- 
signed mission. It may be equipped with l)eds, 
normally less than 25, for observation of patients 
awaiting transfer to a hospital, and for "quar- 
ters" type cases that cannot be cared for on an 
outpatient status and do not require hospitaliza- 
tion. For convenience, a dispensary with beds 



will be referred to as a Class "A" dispensary. A 
dispensary without beds will be referred to as a 
Class "B" dispensary. 

Patients whose illness is expected to last more 
than 72 hours will occupy dispensary beds only 
for the period required to arrange their transfer 
ta a hospital. An exception should be made, 
particularly at isolated bases, when the patient's 
required treatment is within tbe professional 
capability of the admitting dispensary, and his 
transfer to a hospital would be uneconomical 
and not in his best interest. Sound professional 
judgmeixt will be required in determining which 
patients can be adequately treated in a dispen- 
sary and which need more extensive medical 
care. 

Hospital 

A hospital is a medical treatment facility ap- 
propriately staffed and equipped to provide 
inpatient care, including diagnostic and thera- 
peutic services, and the necessary supporting 
services to perform its assigned mission. It en- 
compasses the field of general medicine, sur- 
gery, and/or some circumscribed field or fields 
of restorative medical care, together with bed 
care, nursing, and dietetic service, to patients 
requiring such care and treatment. A hospital, 
in addition, will discharge the functions of a 
dispensary. Also, it will be staffed and equipped, 
and have the necessary facihties to provide out- 
patient service sufBcient to support its assigned 
mission. 

Authorization of Medical Treatment Facilities 

It is important to note that the authorization 
of fixed medical treatment faciliies are con- 
trolled by the Chief of Staff, United States Air 
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Force. The authority to establish a fixed medical 
treatment facility in operation will be obtained 
f j-om the Chief of Steff in accordance with AFR 
160-35. Further, the term medical treatment 
facilities referred to here excludes dental facili- 
ties. Request should be sulamtted through com- 
mand channels giving appropriate information 
as outlined iti the referenced directive, 

Ettoblishing or Discontinuing 
Nonfixed Medical Trealmenf Facilities 

The cpmrnafidar, major air eonunand, or sub- 
ordinate coinmander who has authority to em- 
ploy combat tactical units under his command, 
is authorized to establish nonflxed medical 
treatment facilities within available resources 
during a training exercise, an emergency, or a 
war. He need not refer to the Chief of Staff, 
USAF, under such circumstances. However, for 
justifiable reasons other than those mentioned, a 
commander will submit requests for establish- 
ment or discontinuance of nonfixed medical 
treatment facilities the same as for other fixed 
medical treatment facilities, 



Overseas Evacuation Policy 

Evacuation policy is one of the principle fac- 
tors in calculating hospital hed requirements in 
an overseas area. The overseas commander es- 
tablishes a maximum hospitalization period for 
retention of patients in the overseas area. The 
period is usually 120 days; however, circum- 
stances may require adopting a shorter period. 
When it is determined that a patient cannot be 
restored to duty within the specified period and 
his condition wiU permit evacuation, the patient 
will be returned to the Continental U. S. This 
policy avoids overloading overseas medical fa- 
cilities. 

CENTRAL AIRCREW 
MEDICAL REVIEW BOARD 

The Central Aircrew Medical Review Board 
within the Directorate of Professional Services, 
OflBee of the Surgeon General, functions as final 
authority in the determination of an individual's 
physical qualification for flying duty. The pres- 
ent membership of the Board is derived from 
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the Consultants Group, Aviation Medicine Divi- 
sion, and Physical Standards Division of the 
Directorate. The Director of Professional Serv- 
ices heads the Board. 

The scope of this board extends to all cases 
subject to suspension from flying for physical 
reascms, or revocation thereofi 

All Flight Surgeons are informed of the exist- 
ence of the Medical Review Board to insure 
umderstanding of the consideration given deci- 
sions emanating from Headquarters USAF con- 
cerning individual physical qualification for 
flying duty. These decisions are formulated only 
after deliberate and judicious review of medical 
information presented in the case, as well as in- 
formation Otherwise available in the form of 
clinical records and the individual's Master 
Personnel Record FQs, 

This board was estabUshed to reach the 
soundest possible decision concerning an indi- 
vidual's physical qualifications for flying. The 
facility with which such a decision may be 
reached is greatly enhanced by the original 
submission of complete and accurate medical 
documentation. Therefore, it is desired that 
every Flight Srugeon ensure that complete and 
accurate medical documentation is transmitted 
with each case submitted for action by Head- 
quarters, USAF. 

Many individuals when suspended rationalize 
their medical condition and need help to un- 
derstand the necessity for the action taken. It is 
essential that all Flight Surgeons explain to 
individuals concerned the manner in which de- 
cisions are reached and that they "sell" such per- 
sons the wisdom and necessity for the action 
taken. B)' perpetuating a feeling of discontent 
in a suspended individual the Flight Surgeon 
only performs a dfeservice. 

The existence of "medical channels" is note- 
worthy and necessary. However, such channels 
should be utilized only in those cases where 
intervening headquarters have no direct interest. 
All intervening headquarters in a chain of com- 
mand are vitally interested in a rated ofScer's 
qualification for flying duty and, for such reason, 
any recommendation for a change in att officer's 
flying category or medical qualification for flying 
should be submitted through- channels. 

MEDICAL BOARD 

The medical board consists of three or more 
officers appointed by the surgeon or hospital 
commander and convened at his direction or by 
the direction of the president of the board. After 
due consideration of all the facts in the case, the 
Medical Board may recommend return to duty, 
continuance of treatment, or reference of the 



case to a Physical Evaluation Board. The opera- 
tion of the Medical Board is covered by AFM 
35-4. 

FLYING EVALUATION BOARD 

Under the flying evaluation system of an air 
force or an independent command, there are 
two types of Flying Evaluation Boards: Central 
Flying Evaluation Boards and Local Flying 
Evaluation Boards. 

Both boards are made up of investigating 
officers of the USAF. These officers are appoint- 
ed to study the professional quaUfications of 
rated flying personnel who hold currently effec- 
tive aeronautical ratings. On the basis of their 
findings in individual cases, these boards make 
recommendations regarding the future flying 
status of investigated personnel. 

Central Flying Evaluation Boards are ap- 
pointed by the commanding generals of num- 
bered air forces and major commands. Local 
Flying Evaluation Bmrds are appointed by com- 
manding officers of Air Force bases. Other local 
boards considered necessary may be appointed 
upon authorization by higher authority. 

Cotnpositidn 

Central boards consist normally of seven offi- 
cers, four of them being selected from senior 
rated ofificers, two from the Flight Surgeons and 
one officer to act as recorder, with or without 
vote. A quorum is constituted by three rated 
officers. When practicable, one member will 
hold a rating in the same specialty as the person 
being evaluated. Voting members will be senior 
to the person being evaluated, The Flight Sm^ 
geon will serve as an advisor and will not be a 
voting member. 

Local boards are composed in the same njan- 
ner, but at least one regular rated officer will be 
a member of each Flying Evaluation Board con- 
vened for the purpose of investigating officers 
of the Air Force Reserve and the Air National 
Guard of the United States; at least one Air 
National Guard officer will be a member of 
boards investigating Air National Guard person- 
nel; and at least one Air Force Reserve officer 
win be a member of boards convened for the 
purpose of investigating Air Force Reserve 
officers. 

DuHes 

The purpose of the Flying Evaluation Board 
is to study professional qualifications of rated 
officers and to make recommendations regarding 
their future utilization in the performance of 
flying duty. 

The Fhght Surgeon, in addition to serving on 
the board, has the important function of deter- 
mining that the individual meeting the board 
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' medically qualified for flying. Irrespective of 
the cause for meeting the board, the individual 
must receive a complete medical examination 
for flying, which will be reported on SF 88. He 
must be medically qualified for flying before 
meeting the board; if not quahfied he will be 
susp^ided for medical reasons until the disqual- 
ifying defect is corrected or waived by proper 
authority-'. 

Flying Evaluation Board action is required 
in the foUowiag dnnimstaoces: 

1. A person has been suspended for a period 
of more tiian one year for any reason. 

2. A person has been suspended as the result 
of FEB action and is later considered qualified 
for return to flying status. 

3. A person has failed to meet the minimum 

annual proficiency requirements and has been 
classified in Category II under the provisions of 
AFReO-2. 

4. A person exhibits a lack of praficiency in 
performance of flying duties. 

5. A person exhibits undesirable habits or 
traits of character. 

6. A person commits serious, wiUful viola- 
of flying regulations. 

7. A person fails a training course vn^ch is 
related to his rating. 

8. A person e.vhibits unfitness for flying for 
any reason not specified above. 

The Central Flying Evaluation Board will be 
convened to review FEB reports referred to it 
by the commanding general of a major air com- 
mand or numbered air force, to investigate per- 
sons ordered to appear before it in conjunction 
with the review of a local FEB report, and to 
investigate persons who are senior in grade to 
die members of the local boari. 



Procedure and Records 

The report wiU also be prepared in accord- 
ance with AFB 11-1 and AFM 10-1. The board 
will make one of the following recommenda- 
tions: 

1. That the person remain on flying status. 

2. That the person be suspended from flying 
status, fin cases involving undesirable habits or 
traits of character, or serious willful violation of 
flying regulations, an additional recommendation 

be made as to whether ttie person should 
be pennitted to wear the aviation badge. ) 

3. That the person be returned to full flying 
duty. 

4. That the person's suspension remain in 
effect. 

A Flying Evaluation Board makes no recom- 
mendation regarding disciplinary action. 

In addition to those exhibits required by 
AFR 11-1, the following exhibits will be at- 
tached: 

1. Physical examination for flying duty. 

2. Copies of orders suspending the person 
from flying status in al! cases where a suspen- 
sion has been imposed. 

3. Table 11 of the most recent AF Form 5. 

Sufficient copies of the report will be pre- 
pared to reach the Chief of StaflF, USAF, in 
duplicate. 

Dispositien of Reports 

The report will be forwarded to the conven- 
ing authority for his recommendation and trans- 
mittal through channels to the Chief of Staff, 
USAF. If the convening authority suspends the 
person as the result of the Flying Evaluation 
Board report, copies of suspension orders will be 
added as an enclosure to correspondence for- 
warding the report to higher authority. 
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The success of the Flight Surgeon's mission 
depends to a large degree upon effective medi- 
cal materiel support. Medical supplies and 
equipment serve as essential tools in the suc- 
cessful performance of his duties. The FUght 
Surgeon sliould liave a knowledge of the med- 
ical materiel items which are available for his 
use, especially items of a technical nature. He 
should also be familiar with established methods 
of obtaining medical supplies and equipment. 

Although the actual process of ordering and 
maintaining adequate quantities of materiel is 
accomplished by non-professional members of 
his staff, the Flight Surgeon is responsible for 
insuring that the condition and quantities of 
materiel are adequate to accomplish his mission; 
that materiel is properly used and adequately 
safeguarded; and that requirements for unusual 
quantities of supplies and initial requirements 
for new items of equipment are anticipated well 
in advance of his actual requiremeot. 

The base medical supply ofiScer can provide 
assistance and guidance to the Flight Surgeon in 
all aspects of medical materiel support. His 
primary mission as medical supply officer is to 
serve the professional staff of the medical ac- 
tivity on medical supply matters. The Flight 
Surgeon should avail himself of these services 
to insure that his medical materiel requirements 
are effectively and adequately being met. 

Armed Services Medicni Stock List 

The Armed Services Medical Stock List 
(USAF Stock List SL-6500) lists all items of 
medical niaterieil which are currently standard- 
ized for use by the three military services. The 
majority of these stock-listed items are procured, 
stored and issued by the Single Manager for 



Medical Materiel. Items are stock-listed by Fed- 
eral Supply Classifications. The Federal stock 
number consists of 11 digits arranged in groups 
of 4, 3, and 4 digits separated by hyphens, e.g., 
6515-371-3220. The first 4 digits represent the 
Federal Supply ClaSSifiealion of the item. 

The majority of the stock-listed items are clas- 
sified in one of the nine classes of FSC Group 
65, Medical, Dental, and Veterinary Equipment 
and Supplies, such as 6505, Drugs, Biologicals 
and Official Reagents; or 6515, Medical and 
Surgical Instruments, Equipment and Supplies. 
Other items used by the medical service are 
listed in other FSC classes, such as Microscopes 
in Class 6650, Optical Instruments; and Physi- 
cian's Bags in Class 8460, Luggage. The last 
seven (7) digits serve to identify tiie individual 
item and differentiates it from all other items 
of supply, 

PROCUREMENT RESPONSIBILITY 

Under the provisions of the Single Manager 
Assignment for Medical Materiel, the Secretary 
of the Navy has been assigned responsibility to 
meet the supply support requirements of the 
three military services in terms of centrally man- 
aged medical materiel. This includes cataloging 
and procurement functions; administration of 
contracts; specifications; inspection; industrial 
mobilization; storage in ConUS depots; and dis- 
tribution of ConUS wholesale assets of medical 
materiel. The operating agency which directs 
and controls these functions is known as the 
Military Medical Supply Agency. The Agency 
is a Navy activity, jointly staffed by Army, Navy 
and Air Force personnel. 
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Nonstock-listed medical materiel and certain 
stock listed items which are not provided by the 
Military Medical Supply Agency are procured 
locally by each base in accordance with Section 
16, Volume V, AFM 67-1. 

DISTRIBUTION OF MEDICAL MATERIEL 

Wholesale distribution. The wholesale dis- 
tribution of medical materiel in ConUS is con- 
trolled and managed by the Military Medical 
Supply Agency. ConUS depots of all three serv- 
ices are utilized by the Single Manager as whole- 
sale stock points to sell and distribute medical 
materiel to bases and oversea depots of the tiiree 
military services. 

Retail disttobutton. Betail stocks of medical 
materiel include all materiel procured from 
wholesale distribution stock points (Single Man- 
ager depots). This materiel is owned and con- 
trolled by the procuring military activity, i.e., 
medical materiel located at bases and oversea 
depot medical supply activities. The materiel is 
subsequently issued to a using activity, e.g., the 
Flight Surgeon, Pharmacy, Dental Clinic, etc., 
by the base medical supply activity, or in over- 
sea areas, to a base medical supply activity by 
an oversea depot medical supply activity. 




Supply Procedures 

Within the Air Force, established supply poli- 
cies and procedures are contained in flie USAF 



57-2 



FLIGHT SURGEON'S MANUAL 



Fipin 57-1. Tha Mititiry Medical Supply Agancy's Wholasala Distributian System 



Supply Manual, AFM 67-1. Volume V of this 
manual provides detailed procedures for the 
supply management of medical materiel. Al- 
though the procedures outlined in Volume V 
are primarily directed to medical supply activi- 
ties, the Flight Surgeon should be familiar with 
those which are of interest to him, such as the 
procedures which govern the issue and turn-in 
of medical materiel, and the processes of item 
standardization. 

Medical supplies and equipment required by 
the Flight Surgeon are nonnally obtained by 
submitting DD Form 1150 "Request for Issue or 
Turn-In" to the base medical supply officer. 
Stoclc-listed items available from base medical 
supply stocks are furnished as required. Items 
which are not immediately available are placed 
on back ordef until stocks are received. Issue to 
consuming activities is made automatically upon 
receipt of stock. When nonstock-listed items are 
required, the medical supply officer will initiate 
action to locally procure them, subject to the 
local purchase restrictions and limitations out- 
lined in Section 16, Volume V, AFM 67-1. Pro- 
cedures for issuing medical materiel are outlined 
in Section 11, Volume V, AFM 67-1. 

Medical supplies and equipment which are 
excess to needs of the Flight Surgeon and mate- 



riel which becomes unserviceable should be 
turned in to the medical supply officer for dis- 
position aotlon. Section 12, Volume V, AFM 
67-1 outlines the procedures to be followed for 
turning in medical materiel. 

Items of medical materiel which are added 
to the Armed Services Medical Stock List are 
announced to medical field activities by means 
of Air Force pamphlets in the 160-8-700 series. 
Local purchase of newly Stdck-Iisled items is 
authorized pending availability from wholesale 
stock points. 

Nonstock-listed medical materiel items which 
are frequently required by professional person- 
nel should be recommended for standardization 
in accordance with Section 8, Volume V, AFM 
67-1. 

Medical books and pebiodicals. The facili- 
ties of the base medical libraries should ade- 
quatdty meet flie needs of the professional med- 
ical personnel of the medical facility. Normally, 
a board of review is established to recommend 
additions or deletions of books and periodicals 
to base medical library facilities. The Flight Sur- 
geon should recommend the addition of those 
books and periodicals which are essential to his 
mission or activity, Upon approval by the sur- 
geon or the commander of the medical facrhty, 
the medical supply officer obtains the required 
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books and periodicals by local purchase in ac- 
cordance with the provisions of Section 24, Vol- 
ume V, AFM 67-1. 

Nonmedical supplies and eqiiipment required 
by medical activities are obtained by the unit 
supply officer. The basis for requesting nonmed- 
ical items must be reflected on issue requests, 
i.e., approved authorization documents, special 
projects, special orders, etc. 

FUNDING FOR MEDICAL MATERIEL 

The Medical-Dental Division of the Air Force 
Stock Fund is used to finance purchases of med- 
ical materiel from ConUS Single Manager de- 
pots and procurement from commercial sources, 
ies and oversea depots use stock fund monies 
) to effect these purchases. 



Medical supplies and equipment purchased 
with stock fund monies are sold by the base 
medical supply account to using activities. For 
example, the retail stock fund is reimbursed 
from appropriated funds for issues to the Flight 
Surgeon. Theoretically, the funds received by 
sales to consuming activities are used to replace 
inventories of the base medical supply account. 

BudgeKng for Modical Materiel 

The commander of each medical treatment 
facility must prepare budget estimates and fi- 
nancial plans for medic^ materiel requirements 
as well as for other functions of his faciHty. The 
Flight Siugeon should advise the base medical 
supply officer of anticipated unusual or large 
volume requirements which will contribute to 
the accurate planning of budget estimates. 



J^eferences 

Keadv skoM Imsme omtKtf «f Bsted nhnmtts. 



AFM ^-1 US AF Supply Manual. 

Volume IV, AFM 67-1, Organizational Procedures. 

Volmne V, AFM 67-1, Air Force Medical Supphes and Equipment. 

Volume XXI, AFM 67-1, Organizational Equipment Allowance and Authori- 
zation Systems. 
AFP 160-8 Series. 

APR 0-2 and 0-3 Numerical Index of Administrative Publications. 
AFR 0-6 Subject Index of Administrative Publications. 
AFR 67-36 Primary and Nuclear Batteries. 

.\FR 67-40 Property Exchange and Accountability in Evacuation of Patients. 

.\FR 67-8.3 Unit Authorization Lists. 

AFR 148-1 Operation and Services (Laundry). 

AFR 160-7 Ambulances. 

AFR l«)-25 Spectacles. 

AFR 160-30 Air Force Blood Program. 

AFR 160-37 Hearing Aids. 

AFR 160-54 Diagnostic Hearing Center. 

Equipment Component Lists ( ECUS ) in the 190 and 290 series. 

Master Equipment Allowance List ( MEAL ) . 

Stock List Anned Services Medical Stock List 

Table of Allowances { T/A's) 

T/A 1-1 Administration and Maintenance. Contains authorizations for other 
service items required for a medical facilit>', 

T/A 1-21 Organizational, Clothing and Equipment. 

Technical Orders (TO's) 

TO 00-35A-39 - Expendable Medical Kits - Instructions for Use, Issue, In- 
stallation, Marking and Inspection. 
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Abdominal Wounds 

Diagnosis 37-14 

Treatment 37-14 

AC&W Units 48-4 

Acceleration 16-11 

Abrupt Acceleration 5-19 

Effects of G Forces 5-5 

Effects on the Eyes . , . , 16-2 

Ejections 5-19 

In Crash Landings 5-30 

Influencing Factors 5-4 

Newton's Law of Motion 5-2 

Protective Devices 5-8, 31 

Sensory Modalities 5-11 

Types of , ,.. .5-3; 

Acclimatization Processes 17-9 

Adaptation, Zone of 16-1 

Administrative Procedures 

Aircraft Accidents ... .36-1 

Aircrew Effectiveness Reports SS-8 

And Reports 36-9 

Annual Medical Examination S5-12 

Aviation Medicine Consultations 55-5 

Excusal from Flying 55-3 

Forms 55-1, 11 

Flying Status 55-1 

Grounding 55-2 

Office Records 55-10 

Personnel Processing , , 55-12 

Reports 55-11 

Suspension 55-2 

Aerial Equilibrium ................... . .5-1 

Aerodontalgia 3-2, 3 

Aerodynamic Friction Heat 19-3 

Aeromedical Administrative and 

Operational Procedures 55-1 

Aeromedical Aspects of 

Rescue and Survival 14-1 

Aeromedical Evacuation 

Operational Concepts .....44-1 

Aeromedical Evacuation Aircraft. 46-1 

Aeromedical Evacuation Systra:iis 

Domestic .44-1 

Inter-Theater 44-1 

Intra-Theater .44rl 

Strategic 44-1 

Tactical 44-2 

Aeromedical Field Laboratory 50-9 

Aeromedical ImplicalSons of 

Space Operations 19-1 

Aeromedical Intelligence Sl-1 

Aeromedical Investigation of 

Aircraft Accidents 38-1 

Aeromedical Laboratory 50-4 



Aeromedical Schools and 
Research Agencies 50-1 

Aeroneurosis 11-1 

Aerosinusitis (Barosinusitis ) 4-1, 9 

Aerotitis Media (Barotitis) 4-1 

Acute 4-5 

Chronic 4-5 

Delayed 4-6 

Aerospace Medical Center, USAF 50-1 

Aerospace Medical Research and 
Development in the USAF 49-1 

Aerospace Medicine 19-1 

Advanced Training in .52-5 

Primary Course in 52-4 

Program 52-4 

Training in 50-1; 52-4 

Air 

Alveolar, Composition of 2-5 

Embolization 3-2 

Pulmonary, Composition of 2-3 

Respired, Composition of 2-3 

Aircraft Accident Infnries 37-1 

Aeromedical Investigation of - ........... 38-1 

Behavioral Variances 38-4 

Causes of Injuries 38-2 

Environmental Factors of 39-2 

Fatalities 36-6 

Hospital Activities During 36-7 

Human Factors as Causes 38-3 

Injuries 36-3 

Investigating Board 38-6 

Investigating Personnel 36-1 

Medical Report of 36-9 

Medical Support of , . . . .36-2 

Notification of 36-2 

Off-Base 36-4 

On-Base , 36-2 

Physical Condition 38-5 

Physiological Tolerances . . . ; 38-3 

Prevention of . 35-1 

Airborne Early Warning and 

Control Aircraft (ADC) 48-3, 4 

Air Command and StafE School (AU) 48-4 

Aircraft, Aeromedical Evacuation 46-1 

C-47 46-3 

C-54 46-3 

C-118 46-5 

C-119 46-5 

C-121 46-7 

C-123 46-7 

C-124 46-9 

C-130A 46-9 

C-131A 46-11 

H-19 46-11 

H-21 46-12 

Aircraft Climates 17-4 
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Aircraft, Escape from , 7-1 

Aircraft Sanitation, Special 

Problems of 28-1 

Food Service B8-2 

Personal Equipment 28-2 

Waste Disposal 28-1 

Water 28-1 

Aircrew Effectiveness 

Program 1-1; 35-1; 55-8 

Reports 55-8,9 

Aircrew Nutrition , 13-1 

Air Defense Command (ADC) 48-3 

Air Division 48-5 

Air Evacuation Patients, 

as Affected by; 

Airsickness 45-12 

Cardiovascular Disease 4S-9 

Cranial Injuries 45-5 

Decreased Air Density 45-6 

Decreased Pressure .45-1, 4 

Decreased Temperature , 45-12 

Dysbarism 45-5 

Eye Injuries 45-11 

Gastrointestinal Disturbances 45-1 

Hyperventilation Syndrome 45-8 

Hypoxia 45-6 

Pneumothorax 45-3 

Pregnancy 45-5 

Respiratory InsuflSciency 45-7 

Sicklemia and Splenic Infarction 45-10 

Tuberculosis 45-4 

Air Force Academy , , 48-1 

Air Force Depots (AFLC) 48-3 

Air Force Finance Division 48-1 

Air Force Flight Test 
Center (AFSC) 48-4 

Air Force Logistics Command 
(AFLC) 20-3; 48-3 

Air Force Missile Development 
Center (AFSC) 48-4 

Air Force Missile Test 

Center (AFSC) 48-4 

Air Force Organization, Field 48-1 

Elements ^ ... . 48-5 

Principles and Policies . . . . , 48-5 

Air Force Security Service 48-4 

Air Force Special Weapons 

Center (AFSC) ' 484 

Air Force Systems Command 48-4; 49-3 

Air Force, United States 48-1 

Airlift Service (MATS). 48-3 

Air Materiel Areas (AFLC) , 48-3 

Air Materiel Forces (AFLC) 48-3 

Airmen, Medical 

Career Chart 52-10, 11 

Classification and 

Progression of 52-9 

Training of 52-9 

Air National Guard 48-4 



Air Proving Ground Center 

(AFSC) 48-4 

Air Rescue Service (MATS) 48-3 

Air Resistance 19-3 

Airsickness, Dru^ for 

Amytal 9-3 

Antihistaminics 9-3 

Atropine , . . , 9-3 

Barbital 9-3 

Benadryl 9-3 

Bonamine 5-18; 9-3 

Dramamine 5-18; 9-3 

Hyoscine , . 5-18; 9-3 

Marezine 5-18; 9-3 

Pentobarbital 9-3 

Phenergan 9-3 

Phenobarbital 9-3 

Scopolamine . . . , 9-3 

Sodium Amytal 9-3 

Trimeton 9-3 

Airspeed 

Effect on Ejection 

Survivability ..5-28 

Air Training Command 48-4 

Air University 48-4 

Air War College 48-4 

Airways and Air Communications 

Service (MATS) 48-3 

Air Weather Service (MATS) 48-3 

Alaskan Air Command , 48-3 

Allergies of the Nose and Sinuses 4-11 

Altitude, Effects of 39-2 

Decompression Sickness 39-3 

Frostbite 7-8; 17-7, 10 

On Respiration 2-6 

Ammonium Chloride 9-2 

Analeptic Drugs in Aviation 

Benzedrine 9-3 

Caffein Sodium Benzoate , .9-3 

Dexedrine .9-4 

Dextro-Amphetamine 9-5 

Pervitin 9-3 

Analgesic Drugs in Aviation 

APC 9-2 

Bromo-Seltzer ' 9-2 

Demerol 9-2 

Dromoran 9-2 

Methadone 9-2 

Anesthesia, Local, Dental 

Mandibular . , 8-11 

MadUary , . 8-11 

Annual Medical Examination, 55-12 

Anoxia in 

Aircraft Accidents 39-2 

Space 19-2 

Antibiotic Drugs in Aviation 

Chloromycetin ,9-2 

Dihydrostreptomycin 9-2 

Streptomycin 9-2 
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AnilGipatioji Span 10-3 

(See also Fatigue) 

Anti-G Suits 5-8 

AntiMstamimc Drugs in. 
Aviation 

Benadryl 9-3 

Bon amine . . 9-3 

Dramamine 9-3 

Hyoscine 9-3 

Marezino , , ■ . 9-3 

Phenergan 9-3 

Trimeton 9-3 

Arctic Aeromedical Laboratory 50-8 

Arctic-Desert-Tropic 

Information Center 50-12 

Arnold Engineering Development 

Center (AFSC) 48-4 

Armed Forces Epidemiological 

Board 20-3 

Armed Forces Institute of 

Pathology 48-3 

Arthropods of Medical Importance 

Bedbugs 31-8 

Cockroaches . . . . , , 31-7 

Fleas 31-4 

Flies 31-3 

Lice 31-5 

Mites 31-6 

Mosquitoes 31-2 

Scorpions 31-9 

Spiders 31-8 

Ticks 31-5 

Urticating 31-9 

(See also Pesticides) 

Astrobiology 19-1 

Atmo^herej Divisions of 

Exosphere 17-1 

Ionosphere 17-1 

Mesosphere 17-1 

Ozonosphere 17-1 

Stratosphere 17-1, 4 

Thermosphere 17-1 

Tropopause 17-4 

Troposphere 17-1, 4 

Atmosphere, Mechanical 

Border o£ .19-2,3 

Atmospheric Begions, Visual 

Effects of 17-1 

Zone of Adaptation 16-1 

Zone of Decompensation 16-2 

Zone of Inadequate 

Compensation 16-1 

Zone of Indifference 16-1 

Atmospheric Space 
Equivalence 19-6 

Atomic Nuclei 19-4 

Atropine Series of Drugs 
in Aviation 9-3 



Attitude, Aircraft 

In Ejection Survivability .5-20 

In Spatial Disorientation .5-10 

Autokinesis 5-13, 28 

Autopsy 

Of Airta-aft Fatalities 36-8; 39-1 

Report of 36-9 

Aviation Pathology 39-1 

Aviation Neuroasthenia . 11-1 

Axes, Rotational, of Aircraft 5-1 



B 



Bailout 

( See also Emergency 
Escape — Aircraft) 

Free Fall 7-7 

High Altitude 7-7 

In Capsules . 7-10 

Landings ...7-10,11 

Low Altitude 7-10 

Barosinusitis (Aerosinusitis) .3-1 

Barotitis (Aerotitis) 3-1; 4-1 

Bedbugs 31-8 

Bends 3-1, 3 

Benzfdrlne 9-3 

Beverage 

Containers 13-3, 6, 7 

In Fhght 13-3,6,7 

Bioastronautics 19-1 

Biologicals, Handlings of 25-1 

Biological Warfare Agents 

Agents of Choice 41-1 . 

Decontamination 41-3 

Defense Against 41-2 

Detection of 41-1 

Modes of Dissemination 41-1 

Boards, Medical 

(See Medical Boards) 

Body Temperature . , , , 17-5 

Bohr Effect 2-7 

Bonamine 5-18 

Bottle, Bailout (H2) 7-8 

Bottle, Walkaround (A6) 7-8 

Boyle's Law , 3-1 

Burns 37-2 

Antibiotics in 37-4 

"Exposure" Methods of 

Treatment 37-4 

Of the Eyes .37-4 

Of Tracheobronchial Tree 37-4 

Treatment of 37-3 

Types of 37-2 

c 

Caisson Disease 3-1 

Carbon DioJdde 12-10 
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Carbon Monoxide 

In the Cockpit 12-2,3 

Oxygen Dissociation . . 12-4 

Poisoning 12-2 

Tests for 12-2 

Carbon Tetrachloride 12-10; 30-6 

Cardiac Tamponade 45-9 

Cardiovascular Disease in 

Air Evacuation Patients 45-9 

Care and Treatment of Patients 

Dming Flight 45-1 

Caribbean Air Command 48-3 

Casualty Staging, 

Air Evacuation 44-3 

Catapults, Ejection 5-21,22 

CBR Warfare 

Medical Considerations 53-2 

Training ,.,.53-8 

Chemicals, Toxic 30-1 

Chemoprophylaxis 22-2 

Penicillin 22-2, 3 

Sulfadiazine 22-2 

Chest Injuries 

Initial Treatment of 37-11 

Types of 37-11 

Chloral Hydrate . . 9-2 

Chlorobromomethane (CB) 12-10 

Chokes (Dysbarism) .3-2 

Cholera, Geographical 

Distribution of 26-4 

Climate 17-1 

Acclimatization 17-9 

Stresses, Physiological 17-7 

Clothing, Protective 5^1; 7-5; 17-10; 19-1 

"Clo" Units 7-8; 17-10 

Cockpit Illumination 16-15 

Cockroaches 31-7 

Cold 

Frostbite , .17-12 

Local Injury ■ 17-12 

Tolerance 17-9, 11 

Combat 

Fatigue or Exhaustion .43-2 

Psychiatric Reactions to 11-3 

Communication Systems in 

Flying Helmets 5-32 

Consultation, Aerospaee 

Medicine 55-5 

Containers 

Food, In Flight 13-2; 28-2 

Specimen Shaping 21-7, 8; ^-4 

Waste .284 

Water, In Fhght 28-1 

Continental Air Command 48-4 

Control of Arthropods and Rodent 
of Medical Importance 31-1 

Control of Food Poisoning 
and Intestinal Infections 23-1 

Control of Respiratory Diseases 22-1 



Control of Venereal Diseases 24-1 

Coolant Fluid Vapors 12-9 

Coriolis Acceleration 5-13 

Cosmic Rays 19-3,4 

Cranial Injuries, 

Air Transport of 45-5 

D 

Dalton's Law 2-3 

Darkness of Space 19-2 

DDT ( Dichloro-diphenyl- 

trichloroethane 31-3, 4, 5, 8 

Deafness 4-14 

Conductive 4-14 

Perceptive 4-14 

Deceleration 

Computation of Magnitude 5-5 

Effect of Speed and 

Altitude , ..5-25,28 

Human Tolerance , 5-7 

In Crash Landings 5-30 

In Ejections 5-19 

Decompensation, Zone of 16-2 

Decompression 

(See also Dysbarism) 

Explosive 3-8 

Rapid .3-4,3-9 

Sickness , , . . . , .39-3 

Visual Effects of . , . 16-2 

Decontamination 

Biological 41-1 

Chemical 42^1 

Decontamination, Radiological 

Aircraft 40-15 

Food .40-16 

Personnel 40-13,15 

Deep Space 19-6 

Defenders, Ear 

Attenuation 6-9 

Supply of 6-13 

Types of 6-8 

Use of 6-8 

Dengue, Geographical 

Distribution of 26-2 

Dental Problems 

Acute Periapical Abscess 8-5 

Aphthae, Chronic, Recurrent 8-9 

"Canker Sores" 8-9 

Caries 8-1 

Dental Records 8-20,22,27 

Dislocation of Mandible 8-19 

Emergency Releases 8-17 

Erosion , . . , , 8-4 

Gingivitis, Acute 8-7 

Herpetic Infection 8-9 

Injuries of the Jaws , 8-15 

Ijocal Anestliesia 8-11 
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Odontalgia 8-1 

Odontogenic Infectious 

Process 8-6 

Pericoronitis 8-10 

Periodontal Abscess 8-8 

Post-extraction 

Complications 8-14 

Post-mortem Dental 

Examination 8-22 

Soft Tissue Pathology 8-7 

Tooth Crown Fractures 8-3 

Tooth Extraction 8-12 

"Vincent's Infection" , 8-7 

Dental Problems in Flying 8-1 

Dental Procedures in 

Aerodontalgia ■ - • ■ 3-2 

Emergencies 8-16 

General Dental Attendance 8-20 

Prosthetic Dental 

Restoration - 8-22 

Department of the Air Force, Air 

Staff (Headquarters USAF) 47-1 

Chief of Staff 47-1 

Secretary of the Air Force 47-1 

Surgeon General 4t-3 

Diatomite Filter 33-5 

Diet, Effects on Fatigue 10-4 

Disaster 

Discipline, Communication 

and Leadership in 43-5 

Psychological Reaction to 43-2 

Training for ■. 43-5 

Warning of 

Director of Base Medical Services 48-8 

Disease 

Communicable, Control of 

(See Specific Disease) 
Communicable, Factors in 

Transmission 21-1 

Communicable, Laboratory Specimens . . . 21-3 
Geographic Distribution of 

Grartain Diseases ■ ■ -26-1 

Infectious, Serologic Tests for 

(See Table 21-2) 21-8 

Insect-Borne 31-2 

Outbreaks, Investigation of .21-2 

Quarantinable .27-3 

Respiratory ' 22-1 

Rodent-Borne .31-10 

Venereal , 24-1 

Disinfection of Watar 

By Boiling 33-6 

With Chlorine 33-3 

With GlobaUne 33-6 

Disposal 

Garbage 34-8 

Human Wastes 34-10 

Distant Early Warning System 48-4 



Domestic Air Evacuation System 

(ConUS) 44-1 

Dosimetry Radiation 40-1,10 

Drag 19-3 

Dramamine ,5-18; 9-3 

Dust, Interplanetary 19-3,4 

Drugs and the Flyer 9-1 

Drugs in Aviation 

Acetanilid 9-2 

Alka-Seltzer 9-2 

Ammonium Chloride ■ - 9-2 

Amytal 9-3 

APC ...^9-2 

Atropine 9-3 

Banthine 9-1 

Barbital 8-3 

Benadryl 9-3 

Benzedrine 9-3 

Bonamine 5-18; 9-3 

Bromo-Seltzer 9-2 

Caffein Sodium BenzOate 9-3 

Chloral Hydrate 9-2 

Chloromycetin 9-2 

Demerol . . . , 9-2 

Dexedrine -9-3, 4 

Dihydrostreptomycin 9-1 

Dramamine 6-18; 9-3 

Dromoran 9-2 

Glucose 9-2,3 

Hyoscine 9-1, 3 

Marezine .5-18; 9-3 

Meprobromate 9-5 

Methadone 9-2 

Morphine . ■ • 9-2 

Paraldehyde ...9-2 

Pentobarbital 9-3 

Pervitin ,9^ 

Phenacetin 9-2 

Phenergan 9-3 

Phenobarbital 9-3 

Privine , 9-1 

Promazine Hydrochloride 9-5 

Quinine 9-1 

Scopolamine 9-3 

Sodium Amytal 9-3 

Streptomycin • 9-1 

Sulfadiazine 9-3 

Sulfanilamide 9-3 

Sulfathiazole 9-3 

Sulfonamides 9-3 

Trimeton 9-3 

Dysbarism 3-1 

Aerodontalgia • 3-2, 3 

Aerotitis Media .4-1 

Bends ■ -3-1, 3 

Chokes 3-2 

Etiology 3-1 

In Air Evacuation Patients 45-5 

Neurocirculatory Collapse 3-4 
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Neurological Symptoms 3^2 

Treatment 3-3 

E 

Ear 

Aerotitis Media 4-1 

Barotrauma 4-4 

Defenders 6-8 

Diseases of the , 4-1 

iifFects of Decreased Pressure 4-2 

Effects of Increased Pressure 4-2 

Tinnitus 4-4 

Eastern Air Defense Force, . , , 48-4 

EbuUism 19-2 

Eccentric Fixation 16-13 

Ecosphere in the Solar System 19-6 

Effects of Accelerative Forces 5-1 

Effects of Aircraft Noise 6-1 

Effects of Barometric Pressure Changes 4-1 

Effects of Decreased Barometric 

Pressure — Dysbarism 3-1 

Effects of Decreased Partial Pressure of 

Oxygen on Respiratory Physiology 2-1 

Effects of Temperature 17-1 

Ejection 5-19 

Capsules, Escape 5-22; 7-10 

Correct Position 5-22 

Deceleration 5-26,28 

History , , , 5-19 

Low Altitude 7-10 

Seats 5-19 

Success Factors 5-21 

Tumbling 5-27 

Windblast 5-28 

Emergency Escape from Aircraft 7-1 

Bailout Bottle (H2) 5-27; 7-8 

Capsules 7-10 

Ejection 7-8 

Escape Systems 7-4 

Free Fall , 7-7 

Frostbite 7-8; 17-12 

High Altitude Bailout 7-7 

Landings 7-10 

Parachute Equipment 7-1 

Preflight Equipment Check , 7-4 

Protective Helifiets 7-4 

Terminal Velocity 7-7 

Walk-Around Bottle (A6) . 7-8 

Ensembles, Pressure Suit 

Bladder 15-3 

Capstan 15-2 

Full Pressure 15-3 

Epidemic and Murine Typhus, 

Geographical Distribution of 26-6 

Epidemiological Flights 20-3; 21-3 

Epidemiology 
In Relation to Air Travel £7-1 



Principles of £7-1 

Equilibration 5-11 

Equipment, Survey 

Industrial 30-3 

Radiological 40-22 

Escape Velocity 

From the Earth 19-6 

From the Solar System 19-6 

Excusal, Administrative, 

From Flying 55-3 

Exhaust Gases 

In Jet Engines 12-1 

Reciprocating Engine 12-1 

Exosphere 19-2 

Extremities, Injuries of 37-16, 17 

Extension Course Institute 48-4 

Eye Injuries 

Diagnosis of 37-5 

In Air Evacuation Patients 45-11 

Treatment of 37-7 

Eye, Special Problems 

Acceleration, Effects of ... 16-2 

Brightness 16-3 

Decompression, Effect of 16-2 

Ejection at Supersonic Speeds 16-12 

Filters Ophthalmic 16-4 

Glare Effect on . 16-2, 5 

Goggles, Use of 16-6 

Hypoxia, Visual Effects 16-1 

Light, Effects of 16-4 

Night Vision 16-12 

Nuclear Detonations 16-7 

Perception, Visual, Lag in 16-9 

Shock Waves, Effect of 16-8 

Slanting Optical Surfaces 16-8 

Speed, Supersonic 16-7 

Sunglasses 16-4 

Sunlight, Effects of 16-3 

Temperature at Supersonic Speed 16-11 

Vibration, Effect of 16-8 

F 

Fat EmboH Theory (Dysbarism) 3-2 

Fatigue 

Anticipation Span 10-3 

Chronic Flying 10-4 

Effects of Alcohol 10-6 

Effects of Diet on 10-4 

Effects of Drugs 9-4 

Effects of Oxygen in 10-4 

Effects of Sleep 10-4 

Environmental Factors in 10-1 

Index of 10-2 

Management of 10-6 

Physiology of 10-1 

Prevention of , , 10-6 

Results of 10-3 
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Skill Fatigue, Factors in 10-2 

Speed and Load 10-3 

"Ilireshold of Indifference 10-3 

Fatigue in Aerospace Operations lO-I 

Fear 

( See also Reactions, Psychiatric) 

Psychology of . , . 43-4 

Under stress 43-3 

Fear of Flying , 11-4 

(See also Reactions, Psychiatric) 

Feeding Procedures and Equipment 

Fighter Aircraft 13-8 

For Patients 13-13 

Ground Feeding Program 13-1 

In-Flight 13-2 

Post-FHght 13-13 

Preflight 13-2 

Survival 13-1, 13; 14-3 

Fighter Interceptors 48-4 

Films, Training, Preventive 

Medicine (Table 29-1) 29-2 

Filter, Ophthalmic 

Colored 16-4 

Effect on 

Color Perception 16-5 

Glare 16-5 

Underwater Search 16-6 

Visual Acuity 16-5 

Neutral 16-4 

Polarizing 16-4 

Reflecting 16-4 

Selection of a Snnglaiss 16-6 

Fire Extinguishants 

Carbon Dioxide , 12-10 

Carbon Tetrachloride 12-10 

Chlorobromomethane 12-10 

Fire-Well Kit 4-6 

First Aid 53-8 

Flash Burners 34-2 

Fleas 31-4 

Flies 31-3 

Flight, Space 

Interplanetary 19-6 

Interstellar 19-6 

Nonorbital 19-6 

Orbital Space 19-6 

Space Equivalent 19-6 

Flight Surgeon 48-9 

Duties of , ... . ,52-3 

Flying Activities of 55-9 

Training of , 52-4 

Flux, Basic Particle Ray , - 19-4 

Flying Fatigue , 11-1 

( See also Fatigue ) 

Chronic 11-4 

Flying, Illusions of 5-13 

Flying Safety Program 35-1 

Flying Status 

Consultations 55-5 



Grounding 55-2 

Excusal from 55-3 

Problem Disposition 55-3, 6 

Restoration to 55-7 

Suspension 55-2 

"Flying Stress" 11-1 

Food 

Attendants 32-1 

Condemnation 32-8 

Insects and Rodents, 

Control Measures of 32-2 

Inspection 32-2 

Menus 32-1 

Poisoning 23-1; 32-3 

Preparation , . . , 32-1 

Service Equipment 32-1 

Storage 32-1 

Supplies 32-1 

Waste Disposal 32-1 

Food Handlers 

Indigenous 23-3 

Military 23-3 

Food Inspection, Medical 

Officers 32-4 

Food Packet, Individud, 

In-FIight , 13-3 

Food Packet, Individual, 

Survival, SA 13-13; 14-3 

Food Packet, Survival 13-13; 14-4 

Food Poisoning 23-1,32-3 

Outbreaks, Investigation of 23-1 

Prevention of 23-2 

Types of 23-1 

Food Service Sanitation 

and Inspection Methods 32-1 

Airborne 28-2 

Equipment 13-8 

Galleys 13-10 

Inspection Check List 32-2 

Procedures 13-7 

Refrigerators 13-12 

Forms 55-1, 11 

AF 309, Health Record - 

Dental 55-11 

AF Form 1042, Medical 

Recommendation for Flying Duty 55-2 

DD Form 481, Clinical 

Record Cover Sheet 55-11 

DD Form 1141, Record of 

Exposure to Ionizing Radiation 40-22 

SF 88, Report of Medical 

Examination 55-1,5,11 

SF 89, Report of Medical 

History , 55-1 

SF 513, Consultation Request 55-5,11 

SF 600, Chronological 

Record of Medical Care 55-11 

SF 602, Syphilis Record 55-11 

Form T (781-1) 55-10 
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Fractures 

Cervical 37-11 

Long Bones 37-16, 17 

Maxillofacial 37-10 

Skull 37-5 

Vertebral 37-14 

Free Fall 5-26; 7-7 

( See also Parachutes ) 

Frostbite 17-12 

In Escape from Aircraft 7-8 

Fuels 

Aviation 12-7 

Boron Hydrides 12-10 

Gasoline 12-7 

High Ener^ 12-10 

J. P. Fuels 12-8 

Propellants and Oxidizers 18-4 

Tetraethyl Lead 12-8 

Toxicity of 12-7 

Full Pressure Suit 15-3 

Fumes, Toxic 12-1 

G 

"G" Forces 

Anti-G Devices 3-8 

Direction of 5-5 

Effects of 5-5 

Negative 5-5 

Physiological Effects of 5-5 

Positive 5-5 

Tolerance Factors 5-7 

Transverse 5-5 

Garbage Disposal 34-8 

Gases and Vapors 12-1; 50-5 

(See also Toxic Vapors) 
Gasoline 

Aviation 12-7 

Vapors 12-7 

Gas Particles 19-4 

Geocentric Space 19-6 

Geographic Distribution of 

Certain Diseases 26-1 

Glare, Effect on Vision 16-2 

Globaline 33-6 

Glucose, Effect on Altitude 

Tolerance 9-2 

Gravisphere 19-5 

Gravitational Situation 

in Space 19-5 

Gravitational Space 19-6 

Ground Feeding 13-1 

Grounding, Administrative 55-2 

Ground Safety Program 53-13 

Ground-to-Air Missiles 48-4 

Group , 48-S 

Combat Group .48-7 



H 



Headache 4-14 

Head Injuries 37-5 

Initial Treatment of 37-5 

Headquarters Command, USAF 48-5 

Health 

Education 29-1 

Industrial 30-1 

Medical Surveillance of 29-3 

Occupational , 30-1 

( See Industrial Medicine) 

Personal 29-1 

Hearing 

( See also Deafness ) 

Loss of 4-14 

Pattern of Impairment 6-5 

Tinnitus , 6-6 

Heat 

Aerodynamic Friction , 19-3 

Cramps 17-7 

Exhaustion 17-7 

Prostration ... ; . 17-7 

Stroke .17-7 

Helicopters 46-11, 12 

Heliocentric Space 19-6 

Helmets, Mying, Protective 5-32,7-4 

Henry's Law 2-6 

HIAD 50-11 

Human Factors Branch (AFSC) 50-11 

Human Factors Laboratory 50-11 

Human Waste, Disposal 34-10 

Hydraulic Fluid 12-8 

Hyperventilation .2-10 

Hypoxia 

Classification of 2-10 

Definition 2-10 

Effects on Drug 

Administration , .45-8 

Factors Affecting Onset of 2-12 

Hyperventilation in 2-13 

In Aircraft Fatalities 39-2 

In Air Evacuation Patients 45-6 

In Space 19-2 

Prevention of 2-14 

Stages 2-12 

Symptoms 2-13 

Treatment of .^-14 

Visual Effects of 16-1, 16 

I 

Illusion 

Of Flying . " 5-13 

Of Turning 5-14 

Optical .5-13 

InflaiunizatiGns 25-1 

Administration 25-1 
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Classification of 25-1 

Handling of Biologicals 25-1 

Eecords 25-4 

Requirements 25-2 

Improvised Field Sanitation 

Devices : 34-1 

Flash Burners 34-2 

Garbage Disposal 34-8 

Huanan Waste Disposal 34-10 

Mess Kit Washing 34-6 

Oil Vapor Burners 34-3 

Showers and Washing 
Faciliti.^ ._. . . ... ..^ ,, .34-12 

Inadequate Compensation, 
Zone of , . . 16-1 

Indifference, Zone of 16-1 

Individual FUght Records, 
AF Form 5A 55-10 

Industrial Medicine in the USAF 30-1 

Control of Toxic Agents 30-5 

Gases and Vapors 30-5 

Hygiene and Occupational Health 20-2 

Mineral Dusts 30-5 

Toxic Dusts, Fumes and - 
Mists 30-5 

Infectious Disease, Serologic 
Test for (See Table 21-2) 21-8 

In-Flight Feeding 13-2 

Injuries, Aircraft Accident 

Abdominal , , . . , 37-14 

Bums , 37-2 

Eye 37-5 

Head 37-5 

Lower Extremities 37-16 

Maxillofacial 37-10 

Shock 37-1 

Spinal , 37-14 

Thoracic . 37-11 

Thoraco-Abdominal .37-13 

Upper Extremities 37-17 

Urinary Tract 37-15 

Insect Dissemination by 

Aircraft 27-4 

Insecticides ( Chemical Control 

Measures) 31-1 

( See also Pesticides ) 

Instrument Flight 5- IS 

Flight Instruments 5-16 

In Disorientation 5-16 

Intelligence, Aeroimedieal , 51-1 

International Certificate 

of Vaccination 27-2 

International Quarantine 

Quarantine Regulations .27-1 

Responsibilities for 27-2 

International Sanitary 

Regulations , 27-1 

Interplanetary Dust 19-3 

Interplanetary Flight 19-6 
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Interplanetary Space , 19-6 

Interstellar Flight 19-6 

Interstellar Space 19-6 

Inter-Theater Air Evacuation 
System 44-1 

Intestinal Infections 23-2 

Bacillary Dysentery 23-2 

Cholera , . -. 23-2 

Gastroenteritis 23-2 

Helminth Infestations 23-2 

Paratyphoid 23-2 

ProtOzo^ Dysenteries 23-2 

Salmonella 23-1 

Typhoid 23-2 

Intra- Area Aeromedical 
Evacuation System 48-3 

Intra-Theater Air 
Evacuation System , 44-1 

J 

Jet Aircraft 6-2 

Jolt Effect, in Ejection 5-20 

J. P. Fuels 12-8 

Jupiter (Tables 19-2 k 19-3) 19-5 

K 

Kepler Regime 19-3 

L 

Laboratories 

Aeromedical 49-3; 50-4 

Aeromedical Field 20-3; 49-3; 50-9 

Arctic Aeromedical .20-3; 49-3, 50-8 

Armed Forces, 

Joint Utilization of 20-5 

Environmental Health 20-4; 49-1 

Epidemiological 20-3 

Radiological Health 20-4 

Shipment of Specimens to, 
(Table 21-1) 21-3 

Labyrinthine 

Response to Acceleration 5-16 

Sensations in Flight 5-16 

Lag in Visual Pereeption. , , 16-9 

Landings 

Crash 5-30 

Parachute 7-10 

Laundry 34-13 

Law 

Boyle's 3-1 

Dalton's 2-3 

Henry's 3-1 

Newton's 5-2 
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Lead, Organic and Inorganic. 12-8 

Leans (Illusion of Tilting) 5-15 

Leishmaniusis, Geographical 

Distribution of 26-3 

Levophed, In Treatment of 

Shodc - 3-4 

Lice 31-5 

Light 

Effects on the Eye 16-4 

Zodiacal 19-4 

Litter Installation in Aircraft 46-1 

Lower Extremities, Injuries of 37-16 

Lunar Gravitational Space 19-6 

Lux (See Table 19-2) 19-4 

M 

M-1 Maneuver - 5-8 

Major Air Commands, USAF 48-1 

Malaria, Geographical 

Distribution of 26-6 

Malingering (Faulty Motivation) . . . .11-4; S5-7 

Marezine S-18; 9-3 

Mars (See Table 19-2) 19-5 

MATS Air Evacuation System 44-2 

Materiel, Medical 

Distribution of 57-2 

Funding and Budgeting 57-4 

Procedures - 57-2 

Procurement 57-1 

Stock List 57-1 

Maxillofacial Injuries 37-10 

Maximum Allowable 

Concentration (MAC) 30-2 

(See also Toxicology) 
Meals, In-FHght 

Bite Size 13-5 

Bulk Issue for Preparation 

Aloft 13-5 

Foil Pack 13-5 

Food Packet, Individual 13-3 

Precooked, Frozen 13-4 

Precooked, Hot 13-5 

Sandwich 13-4 

Mechanical Border of the 

Atmosphere 19-3 

Medical Aspects of 

Biological Warfare 41-1 

Qhemical Warfare 4£-l 

Nuclear Warfare 40-1 

Medical Boards 
Aircraft Accident 

Investigation 35-2 

Flying Evaluation 56-3 

Records and Reports of , 56-4 

Review Board 56-2 

Medical Examination 
Report, SF 88 55-1,11 



Manual of 1-1 

Medical Functions 48-10 

Aerospace Medicine Service 48-11 

Blood Collecting Center. 48-11 

Independent Medical Section. ........ .48-10 

Medical Clinical Laboratory 48-11 

Medical Processing ( USAF 

Basic Military School ) 48-11 

Medical Section (ANG Units) 48-10 

Medical Section (Separate 
Squadron) 48-11 

Medical History Report, SF 89 55-1 

Medical Materiel , 57-1 

Medical Officer 

Assignment of the . 52-1 

Duties of the 52-3 

Flying Activities of the. ^ 55-9 

In Special Fields 52-6 

Preventive Medicine 52-6 

Radiological Defense 52-7 

Training of the 524 

Medical Officer , 52-1 

Aviation Medicine 52-1 

Assignment of 52-5, 6 

Classification of , 52-2 

Duties of 52-3 

In Special Fields 52-6 

Medical Reserve Program 48-1, 5 

Medical Service, USAF 

Organization , . . , 48-8 

Policy 48-7 

Medical Training of 

Medical Service Personnel 54-1 

Medical Training of 
Non-Medical Personnel 53-1 

Medical Training 

(See Training, TecAmical} 

Medical Treatment Facilities 
and Boards 56-1 

Medical Treatment Facilities 56-1 

Authorization for , .56-1 

Dispensary 56-1 

Hospital 56-1 

Overseas Evacuation Policy 56-2 

Medical Units 

Aeromedical Evacuation Units 48-10 

Casualty Staging Units 48-10 

Central Medical Group. 48-10 

Dental Chnic and Area 

Dental Laboratory Units . ... 48-10 

Epidemiological Units 48-10 

Functions 48-10 

Hospital and Dispensary Units 48-10 

Medical Service Units 48-10 

Mobility of Hospital and 
Dispensary Units 48-9 

Mental Hygiene 29-1 

Mercury (See Table 19-3) 19-5 

Mess Kit Washing 34-6 
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Meteor Absorbing Region 19-3 

Meteor Bumpers 19-3 

Meteorites 19-3 

Methyl Bromide 30-5 

Micrometeorites 19-3 

Military Air Transport Service 48-3 

MiHtary District of Washington 48-5 

Mineral Dusts - . .30-5 

Minute Respiratory Volume 2-7 

Miscellaneous Medical Units 48-9 

Missile 

Fuels and Propellants , 18-3 

Medicine 18-1 

Safety 18-4 

Missile Operations 

Exposure to Propellants, .18-4 

Epidemiology of 18-3 

Human Failure in 18-2 

Occupational Environment 18-2 

Psychiatric Aspects of 11-4 

The Preventive Approach 18-3 

Mission and Responsibilities of the 

Medical Team 51-1 

Mists, Toxic 30-5 

Mites - 31-6 

Moon (See Table 19-3) .19-5 

Morphine .9-2; 45-11 

Mosquitoes 31-2 

Motion, Aircraft 5-1 

Motion, Laws of (Newton's) 5-2 

Acceleration 5-2 

Action-Reaction 5-2 

Inertia 5-2 

Myopia, Space 16-3 

N 

Nasal Decongestants 9-1 

National Search and Rescue 

Plan (Con AC) 48-4 

Navigation, Aerodynamic 19-3 

Neosynephrine 

In Air Evacuation 45-5 

Neptune (See Tables 19-2 & 19-3) 19-5 

Neurocirculatory Collapse 3-4 

Night Vision 

Cockpit Illumination 16-15 

Contrast 16-13 

Dark Adaptation 16-13, 14 

Eccentric Fixation , 16-13 

Night Myopia 16-14 

Photochromatic Interval 16-13 

Thresholds 16-12 

Thresholds, Cone and Rod 16-13 

Training 16-16 

Nitrogen, Oxides of, 
In Aircraft 12-6 



Noise 

Aircraft 6-1 

During Ground Operations 6-4 

Effects on Man , 6-1 

Effect on Speech Perception 6-7 

Effect on Work Output 6-8 

Fatigue Due to 6-7 

Incidence of Trauma 6-6 

In Flight 6-2 

In Hearing Impairment 6-5 

Levels of 6-2 

Protection Against 6-8 

Radio 6-4 

Threshold of Interference 6-1 

Tolerance to 6-7 

'mite" 6-2 

Nonorbital Flight and 
Orbital Space Flight 19-6 

Noxious Gases and Vapors 12-1 

(See also Toxic Gases and Vapors) 

Nuclear Detonations 

Injuries from 40-6 

Types of 40-3 

Nuclear Devices 16-7 

Nuclear Warfare 

Clinical Aspects 40-6 

Dosimetry .40-10 

Glossary 40-1 

Medical Considerations 40-2 

Residual Radioactivity 40-18 

Nurse, Flight 52-6 

(See also Personnel) 

Nystagmus 5-13 

o 

Odontalgia , 8-1 

Office of Scientifle Besearch, USAF 

Aeronautical Sciences . 49-3 

Bio-Sciences 49-3 

Materiel Sciences 49-3 

Physical Sciences 49-3 

Office of the Surgeon General 

Headquarters USAF 47-1 

Officer, Medical 

(See Medical Officer) 

Oil Fumes 12-9 

Oil Vapor Burners 34-3 

On-the-job Training 54-1 

Conducting 54-3 

Evaluation 54-4 

Implementing 54-2 

Teaching Methods 54-4 

Operational Skill Fatigue 10-2,4 

Optical Illusion 5-13 

Orbital Space Flight 19-6 

Orbital Velocity 19-6 



AF MANUAL 161-1 



Organization 

Air Force 47-1; 48-1 

Medical Service 47-1 

Office of the Surgeon 

General (Chart 47-2) 47-4 

Organization of tlie USAF 

Medical Service 48-1 

Organization Tables 48-9 

Otitis Media 4-13 

Otoliths 5-12 

Oven, Food Warming, 

B-3 and B-4 13-8 

Oxides of Nitrogen , 12-6 

Oxidizers and Propellants 18-4; 30-4 

Oxygen Systems 

Continuous Flow 2-17 

Demand-Type 2-18 

Liquid Oxygen 2-23 

Masks 2-14 

Pressure Breathing 2-14,22 

Ozonosphere 19-3 

P 

Pacific Air Forces (PACAF) 48-3 

Panic 

{ See also Psychologic Disorders ) 

Physiology and Psychology of 43-2 

Parachute Jump, Report of 

Emergency 36-9 

Parachutes 

Automatic 5-26; 7-4 

Bailout Bottle (H2) 7-8 

Equipment 7-1 

Free Fall 5-26; 7-7 

Landing Fall , , 7-12 

Landings , 7-10 

Opening Shock 5-25; 7-7 

Oxygen Supply, Emergency 7-8 

Particle Rays 19-2 

Pathology 

Armed Forces Institute of 39-1 

Aviation 39-1 

Forensic , , 39-1 

Joint Committee on Aviation 

Pathology (JCAP) 39-1 

PeniciUin 

Use in Respiratory Diseases 22-2 

Use in Venereal Diseases. 24-3 

Personal Equipment 28-2 

Personal Hygiene 29-1 

Personnel of the 

Medical Service 52-1 

Air Force Ntirse 52-6 

Airmen . , . , , , . , . 52-8 

Associated ,52-7 

Medical Airmen 52-8 

Medical Officer 52-1 



Officers, Specialized 52-6 

Rescue and Survival 14-1 

Pesticides 

Insecticides 31-11 

Rodenticides . . . , , 31-11 

Safety Precautions 31-11, 12 

Photosynthetic Regeneration 19-5 

Photophthalmia 16-4 

Psychological Warfare and Psychological 

Imph cations of Nuclear Warfare 43-1 

Physiological Training 53-3 

Physiologist, Aviation 52-7 

Pitch (Motion) 5-1 

Plague, Geographical 

Distribution of 26-2 

Plans 

Defense 48-8 

Disaster Control and 

Survival 48-8 

Emergency War 48-8 

National Search and Rescue 48-4 

Plasma ( Space ) 19-4 

Pluto (See Tables 19-2 & 19-3) 19-5 

Pneumothorax, In Air 

Evacuation Patients 45-3 

Post-Strike Medical Care 40-lS 

Precooked Hot Meal, 

In-Flight 13-5 

Preflight Feeding 13-2 

Pregnancy in Air Evacuation 

Patients 45-5 

Pressm'e 

Atmospheric 4-1 

Barometric 4-1 

Breathing 2-14 

Dynamics of 4-1 

Regulator 15-2 

Pressure Suits 15-1 

Pressurization, Methods of 15-1 

Preventive Medicine in the USAF 20-1 

Preveative Medicine Program 

Accident and Injury Prevention 20-1 

Administration 20-1 

GBR Defense 20-2 

Communicable Disease 

Control 20-1 

Community Environment 

Control 20-2 

Epidemiological Activities 20-2 

Health Education 20-2 

Industrial Hygiene 20-2 

Nutrition 20-2 

Occupational Health . 20-2 

Research 20-2 

Primary Course in Aerospace 

Medicine 50-2 

Primary Vasospasm Theory 

( Dysbarism ) 3-2 

Principles of Epidemiology 21-1 
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Procedures 
Aeromedical Administrative 

and Operational S5-1 

Cfasli 36-1 

Dental 8-1 

Medical Supplies and Equipment ,57-1 

Rations and Feeding 13-7 

Procurement Responsibilityj 
Medical Materiel , , .57-1 

Programs, Medical 

Aircrew Effectiveness 1-1 

First Aid 53-8 

Flying Safety .1-3 

Ground Safety 53-13 

Medical Support, 

CBR Warfare 20-2; 53-8 

Mental Hygiene ,53-6 

Night Vision, Practical Problems in 16-13 

Personal Hygiene and 

Sanitation 29-1; 53-4 

Physical Fitness .53-10 

Physiological Training 53-3 

Preventive Medicine 20-1 

Rescue and Survival 14-1; 53-4 

Research, USAF School of 

Aerospace Medicine 50-1 

Survival Training and 

Personal Equipment 14-1; 53-4 

Training Program, USAF School 
of Aerospace Medicine 50-2 

Propellants, Rocket 

Toxicity and Health Hazards 18-3 

ToxicologrcaHPiroFble ms ... 30-4 

Prophylactic Drugs in Aviation 9-1 

Against BW Agents 41-2 

Against Venereal Disease 24-3 

Antibiotic , 24-3 

Ati-opine , , 9-1 

Banthine 9-1 

Hyoscine .9-1 

Quinine 9-1 

Protective Clothing 

Assemblies 17-10 

Pootgear-Handgear 17-10 

Fuel and Propellant 18-4 

In Escape from Aircraft 7-4 

In Space 19-1 

Pressure Suits , 15-1 

Thermal Insulation 17-10 

Wind Proof ness 17-10 

Psychological Warfare and Psychological 

Implications of Nuclear Warfare 43-1 

(See Also Warfare) 

Defense Against 43-1,7 

Effects of 43-2 

Treatment of Casualties 43-7 

Types 43-1 

Psychological Disorders 43-2 

( See also Reactions, Psychiatric ) 



Chronic Mental Illness 43-2 

Fear 43-3 

Panic 43-2 

Prevention and 

Rehabilitation of 43-4 

Temporary Emotional Disruption 43-2 

Psychiatric Disorders in 
Flying Personnel 11-1 

Psychiatric Disorders Due to 

Environment 11-1 

Personality 11-1 

Stress 11-1 

Pulmonary Phase of Respiration 2-1 

Effect of CO. (carbon dioxide) 2-10 

Effect of Hypoxia 2-10 

Pulmonary Pathology, In Air 
Evacuation Patients 45-6 

Q 

Quarantinable Diseases 27-3 

(See also International Quarantine) 

Quarantine 22-2; 27-2 

International 27-1 

Quinine 9-1 

R 

Radiation Instruments 40-20 

Radiation 

Background 40-1,11 

Dosimetry 40-10 

Ionizing, Record of Exposure to 

(DD Form 1141) 40-22 

Permissible Exposm-e to 40-10 

Residual 40-18 

Sickness 40-7 

Solar Electromagnetic 19-4 

Radiation Belt 19-4 

Van Aliens 19-6 

Radiation, Ionizing 

Beta 40-7 

Diagnostic Aids 40-8 

Exposure to 40-6 

Permissible Burdens 40-10 

Personnel Decontamination 40-1,3, 15 

Radiological Dosimetry 40-10 

Radiation Sickness 40-7 

Radii of Planetary 

Gravispheres 19-5 

Rations and Feeding 13-1 

Beverages, In-Flight 13-3 

Bite-Size 13-5 

Cups, Food-Warming 13-11 

Dry Ice Refrigeration 13-12 

Feeding Procedures 13-7 

Fighter In-Flight Feeding 13-8 
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Foil-Pack Flight Feeding 

System 13-5 

Food Packet, Individual, 

In-FIight 13-3 

Ground Feeding 13-1 

Insulated Containers 13-8 

Oven, Food- Warming 13-8 

Post-Flight Feeding 13-13 

Precooked, Frozen 13-4 

Precooked Hot Meal, 

In-Flight , 13-5 

Preflight Feeding 13-2 

Sandwich Meal, In-Flight 13-4 

Servicing Equipment 13-8 

Survivial Ferfing 13-13 

Reactions, Psychiatric 11-3 

Anxiety 11-3 

Character and Behavior 11-3 

Combat, Normal Reaction to 11-3 

Conversion 11-3 

Fear of Flying 11-4 

Psychogenic Motion Sickness 11-3 

Somatization Reactions 11-3 

Records 

Dental 8-20,22,27 

Flight Surgeon's Office , , . .S5-1Q 

"Red-Out" 5-6; 16-11 

Regulation of Body Temperature 

Physical Processes 17-5 

Physiological Processes 17-5 

Secretory 17-7 

Relapsing Fever, Geographical 
Distribution of 26-5 

Remains, Huirian 

Preparation and Disposition of 36-9 

IdentiBcation of 36-6 

Reports 

Aeromedical Evacuatjou 

Movements 48-7 

Aircrew Effectiveness 48-8; 55-8 

Clinical Histories 48-8 

Dental 48-8 

Incidence of Disease and 

Injury ..48-8 

Medical Statistics ' 48-7 

Morbidity Records 48-7 

Nursing Services 48-8 

Of Aircraft Accident 36-9 

Of Venereal Disease Contact 24-1,2 

Preventive Medicine 48-8 

Veterinary 48-7,8 

Report of Medical Examination, 
SF 88 55-1,11 

Report of Medical History, 
SF 89 55-1 

fiesctte and Survival 14-1; 48-3 

Air Rescue Service , 14-1 

Emergency Rations 14-3 



Equipment 14-2 

Food Packet, Individual, 

Survival, SA 143 

Food Packet, Survival, ST 14-3 

In-Flight Survival 

Precautions 14-2 

Kits, Survival 14-2 

Organization 14-2 

Personnel 14-1 

Preflight Survival 

Precautions 14-2 

Principles of Survival, 14-2 

Procedures after Descent, , 14-2 

Program, USAF 14-1 

R^cue and Survival 

Training School 14-1 

Research Agencies , . .50-1 

Research and Development, 

USAF 49-1, 2; 50-1 

Research Studies Institute (AU) 48-4 

Residual Radioactivity 

Rate of Decay 40-18, 21 

Respiration 

Air, Pulmonary, 

Composition of 2-3 

Air, Respired, 

Composition of 2-3 

Alveolar Air Composition, 

Effects of Altitijde 2-6 

Blood Gas Transport 2-6 

Bohr EflFect on 2-7 

Control of Pulmonary 

Ventilation 2-7 

Effect of COa (Carbon Dioxide) , . 2-7,2-10 

Effect of Hypoxia 2-10 

Dalton's Law 2-3 

Effect of Work on 2-7 

Hemoglobin Combination 

with Oxygen 2-6 

Henry's Law 2-6 

Hyperventilation 2-10 

Lung Volumes 2-1 

Minute Respiratory Volume 2-7 

Partial Pressure of 

Alveolar Gas 2-5 

Pattern of , 2-10 

Pressure Breathing 2-14 

Pulmonary Phase 2-1 

Tissue Phase , , , . , . .2-6 

Respirator, Tank, SAM .45-7 

Respiratory Disease, Control of 22-1 

Respiratory Insufficiency, Air 
Transport of Patients witli ^-7 

Rodents, Control of 31-10 

Mice 31-10 

Rats ...,31-10 

Rodenticides 31-11, 12 

Roll (Motion) 5-1 
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SAGE, "Semiautomatic 

Ground Environment" 48-4 

Salmonella 23-1 

School of Aerospace Medicine 

Tank Respirator 45-7 

Sandflies 31-4 

Sandwich Meal, In-Flight 13-4 

Sanitary and Industrial 

Hygiene Engineer 52-8 

Sanitation 

Aircraft 28-1 

Field 34-1 

Sanitation Devices, Field 34-1 

Drying Cabinets 34-15 

Flash Burners 34-2 

Garbage Disposal 34-8 

Human Waste Disposal 34-10 

Laundry 34-13 

Mess Kit Washing 34-6 

Oil Vapor Burners 34-3 

Showers and Washing PaeiEties 34-12 

Satellites 

Explorer 19-4 

Saturn (See Tables 19-2 & 19-3) 19-5 

Shistosomiasis, Geographical 
Distribution of 26-3 

School of Aerospace Medicine 

Consultation , . . , , , , , 50-3 

Education , . , . 50-2 

Research , 50-1 

Scopolamine 9-3 

Scorpions 31-9 

Scrub Typhus, Geographical 
Distribution of 26-5 

Sealed Cabin 19-3 

Sedative Drugs in Aviation 

Barbiturates 9-2 

Chloral Hydrate 9-2 

Paraldehyde 9-2 

Selenocentric Space 19-6 

Sensory Modalities 5-11 

Serologic Test, Infectious 
Diseases (See Table 21-2) 21-8,9,10 

Shock, Classification of 37-1 

As a Complication in 

Dysbarism 3-3 

Hypovolemic , 3-4 

In Chest Injuries 37-12 

Parachute Opening 5-25 

Treatment 37-2 

Types 37-1 

Shock Waves, Effects on Vision. 16-8 

Sicklemia and Splenic Infiuretion 
in Air Evacuation Patients 45-10 

Signal, Aircraft, Meaning .36-5 

Silence of Space 19-2 

Simulid (Fhes) (See Flies) 31-3 
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Sinusitis 4-15 

Skill Fatigue 10-2 

Solar Electromagnetic 

Radiation 19-4 

Solar Gravitational Space 19-6 

Solar Illuminance , , 19-4 

Solar Irradiance 19-4 

Space 

Darkness of 19-2 

Deep 19-6 

Geocentric 19-6 

Gravitational 19-6 

Heliocentric 19-6 

Interplanetary , , 19-6 

Interstellar 19-6 

Lunar Gravitational 19-6 

Medicine , , , 19-1 

Operations, Types of , 19-6 

Satellites, Explorer 19-4 

Selenocentric , 19-6 

Silence of 19-2, 3 

Solar Gravitational 19-6 

Stellar Gravitational 19-6 

Subdivisions of 19-6 

Terrestrial Gravitational 19-6 

True 19-6 

Space Environment 

Basic Structure of 19-2 

Ecology of 19-3 

Medical Aspects of 19-1 

Space Equivalent, Fhght 19-6 

Space Equivalent Levels 
(See Table 19-1) 19-2 

Space Medicine 19-1 

Space Myopia 16-3 

Space Operations, Types of 

Interplanetary Flight 19-6 

Interstellar Fhght 19-6 

Lunar and Planetary 

Expeditions 19-6 

Nonorbital and Orbital 

Flight 19-6 

Space Equivalent Flight 19-6 

Spatial Disorientation 

(Vertigo) 5-16 

Spatiography 19-2 

Special Problems of 

Aircraft Sanitation 28-1 

Special Problems of the Eye 16-1 

Speed 

Hypersonic 16-8 

Of Sound 16-8 

Subsonic 16-8 

Supersonic 16-8 

Transonic 16-8 

Speed, Effects of 39-3 

On Vision 16-7 

Spatial Disorientation 39-3 



15 



.1 



Vertigo 39-3 

Wind Blast 39-3 

Speed and Load Concept 
( See Fatigue ) 

Spiders 31-8 

Spinal Injuries 37-14 

Spray Zone 19-2 

Squadron Flight Surgeon 48-9; 52-4 

Standard Procedures in 

Aircraft Accidents 36-1 

Staphylococcus Enterotoxin 23-1 

Statistics, Medical 

Case-Fatality Rate 21-2 

Incidence Rate 21-2 

Noneffective Rate 21-2 

Prevalence Rate 21-2 

Stellar Gravitational Spaces 19-6 

Streptomyein 19-1 

Stress 

Environmental Factors ll-I 

In Missile Operations 18-2 

Personality Factors 11-1 

Prevention 18-3 

Strategic Air Command 48-1 

Strategic Air Evacuation 
System 44-2 

Sulfadiazine 9-3 

In Respiratory Disease 22-2 

Sulfonamide Drugs in Aviation 9-3 

Effect on Hyiroxia .9-2 

Sunlight, Visual Effects 16-3 

Supersonic Speed S-1; 7-1, 7; 16-8 

Surgeon 
Director of Base 

Medical Services 48-8 

Major Air Command 48-7 

Numbered Air Force 48-8 

Squadron Flight 48-9 

Strategic Air Command 

(Overseas) 48-8 

Wing and Division 48-8 

Surgeon General 

Aerospace Medicine Division 47-9 

Assistant for Dental 

Services 47-4 

Assistant for Veterinary 

Services , . . . 47-4 

Biometrics Division 47-7 

Consultants Division 47-10 

Director of Medical 

StaflSng and Education 47-7 

Director of Plans and 

Hos pitalization 47-S 

Director of Professional 

Services 47-9 

Financial Programs Division. . , , .47-6 

Materiel Division . . 47-5 

Medical Career and Staff 

Control Division 47-8 



Medical Education Division 47-8 

Medical Liaison and 
Selection Division 47-8 

Medical Research Advisor 47-10 

Physical Standards Division 47-10 

Plans and Operations 
Division 47-6 

Preventive Medicine Division 47-10 

Responsibilities 47-1,3 

Survey, Insect 31-1 

Survival 

( See Rescue and Survival ) 
Survival and Personal 

Equipment Program 53-4 

Suspension (Administrative) 55-2 

T 

Tactical Air Command 48-1 

Tactical Air Evacuation System 44-2 

Tag, Emergency Treatment (AF Form 38), 

In Aircraft Crash Fatalities 36-6 

Temperature 17-1 

Acclimatization Process 17-9 

Aircraft Climates , . . , 17-4 

As a Factor in Aircraft 

Accidents 39-3 

Atmospheric Regions 17-1 

"Clo" Units 17-10 

Clothing Assemblies , 17-10 

Frostbite , . . 17-12 

Heat Exhaustion, Cramps, 

Stroke 17-7 

Local Cold Injury. 17-12 

Physical Processes 17-S 

Physiological Climate 

Stresses , 17-7 

Physiological Processes 17-5 

Protective Clothing 17-10 

Temperature Control of 

Space Cabins . . . . , , 19-4 

Temporal Fluctuations 19-5 

Terminal Velocity 7-7 

Terrain Clearance, Effect on 

Ejection Survivability 5-20,22 

Terrestrial Gravitational Space 19-6 

Terrestrial Solar Constant 19-4 

Tetraethyl Lead 12-8 

In Aviation Fuels 12-8 

The Flight Surgeon's Hesponsibility in 

Aircraft Accident Prevention 35-1 

The Medical Support of 

Missile Operations 18-1 

Thermal Regulation 

Body 17-S 

Zones 17-7 

Thermosphere 17-1 
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Thoracic Injuries 

Cardiac Tamponade 37-2, 13 

Massive Hemothorax 37-2, 11 

Paradoxical Respiration 37-2, 12 

Shock 37-1, 12 

Tension Pneumothorax 37-13 

Thoraco-Aljdominal Injuries 37-13 

ThreshoMs, Cone and Rod 16-12 

Threshold of Indifference 10-3 

(See also Faligue) 

Threshold Limit Value 30-2 

(See also Maximum 
Allowable Concentration) 

Ticks , . 31-5 

Tinnitus 6-6 

Total Space Equivalence 19-3 

Toxic Agents 

Control of 30-5 

Exposure 30-1 

In Air Force Operations 30-1 

Therapy of — Exposure 30-5 

Toxic Dusts, Fumes, Mists 30-5 

Toxic Gases and Vapors 

in Aircraft 12-1 

Toxic Gases and Vapors 12-1; 30-5 

Carbon Dioxide 12-10 

Carbon Monoxide 12-2 

Carbon Tetrachloride 12-10 

Chlorobromomethane 12-10; 30-5 

Exhaust Gases - . - - 12-1 

Fire Extinguishants . , 12-9 

Gasoline 12-7 

Hydraulic Fluid Vapors 12-8; 30-5 

Jet Fuels (JP) 12-7 

Nitrogen Oxides 12-6 

Oil Fumes 12-9 

Tetraetiiyl Lead 12-8 

Toxicity of Missile Fuels 18-5 

Toxicology 

Aviation 30-4 

Consultation Sources 30-2 

Hazards 30-1 

Industrial 30-1 

Maximum Allowable 

Concentration (MAC) 30-2 

Special Problems in 30-4 

Toxins 

In Aviation Pathology 3Q-3 

In Food 23-1; 32-3 

Training 

Basic Military 48-4 

Crew 48-4; 53-3 

Flying 48-4 

Medical 48-4; 50-2 

Technical 48-4; 50-3 

Training, General 

Fields of 53-1 

Medical Indoctrination 52-3 



Methods 53-1,2 

On-the-job 53-2 

Requirements 53-1 

School of Aerospace Mediqine 52-4 

Technician, Aeromedical 52-9 

Unit 54-5 

Training, Medical 

Advanced Course in Aerospace 

Medicine 50-2 

Advanced Course in Aerospace 

Medicine for Allied 

Medical Officers 50-3 

Aeromedical Evacuation 

Teehnieian Course 50-3 

Aeromedical Technician 

Course 50-3 

Apprentice Aeromedical 

Specialist Course 50-3 

Apprentice Physiological Training 

Specialist Course 50-3 

Flight Nurse Course . . , 50-3 

Flight Surgeons Befresher 

Course , 50-3 

On-the-job 54-1 

Physiological Training 

Officer Course 50-3 

Physiological Training 

Supervisor Course 50-3 

Primary Course in 

Aerospace Medicine 50-2 

Residency Course in 

Aerospace Medicine 50-3 

Techniques 54-3 

Training, Medical, Non-Medical 
Personnel 

CBR Warfare 53-8 

Fields of 53-1 

First Aid 53-8 

Flying Safety 53-3 

Ground Safety 53-13 

Methods 53-2 

Personal and Mental Hygiene 53-4 

Physical Fitness 53-10 

Physiological 53-3 

Requirements of 53-1 

Sanitation 53-4 

Survival — Personal 

Equipment ! 53-4 

Traveling Health Records SS-10, 11 

Tranquilizers in Aviation 9-5 

Meprobromate . . 9-5 

Promazine Hydrochloride 9-5 

Tropopause 17-4 

Troposphere 17-1 

True Space 19-6 

Trypanosomiasis, Geographical 
Distribution of 26-4 



AF MANUAL 161-1 



17 



Tuberculosis in Air 

Evacuation Patients , 45-4 

Tumbling 5-27 

Typhus, Louse-Borne (Epidemic) 27-3 

u 

Ultrasonics, Influence o£ 6-8 

Ultraviolet Solar Radiation 19-3 

Underwater Search Sunglasses 16-6 

Unit Training 53-3 

Unity of Command 48-5 

Uranus {See Tables 19-2 & 19-3) 19-5 

Urinary Tract Injuries 37-15 

Urticating Arthropods 31-9 

USAF Combat Wing 

Organizational Chart 48-6 

USAF Medical Service, 

Organization of the ' . . . 48-1 

USAF School of Aerospace 

Medicine 20-3; 49-4; 50-1 

USAF Security Service 48-4 

United States Public Health 

Service (USPHS) 20-3,4 

Utricle ■ 5-12 

V 

Valsalva's Technique 4-7 

Van Allen's Radiation Belt ■ . 19-6 

Venereal Disease 24-1 

Venus (See Tables 19-2 & 19-3) 19-5 

Vertebral Fractures 

In Crash Landings 5-31 

Management of Casualties. . . 5-31 

Vertigo _ 5-13; 39-3 

Vestibular Apparatus 5-11 

Proprioception 5-13' 

Reactions 5-11, 12 

Responses 5-13 

Vibration 

As Noise 6-3 

Effect on Sight 16-8 

Factor in Fatigue , : 10-2 

"Vincent's Infection" 
(See Dental Problems) 

Vision 

In Space 19-4 

In Spatial Disorientation 5-16 

Visual Problems, High Speed 5-13; 16-7 

Von Karman Line 19-3 

w 

Warfare 

Biological 41-1 

Chemical 42-1 



Nuclear, Medical Aspects of . 40-1 

Psychological 43-1 

Warfarin 31-11- 

Waste, Disposal of - 

Aircraft ...28-1 

Food , 32-1; 34-8 

Human 34- lU 

Industrial 20-2; 30-3, 4 

In the Field 34-8,10 

Water Control 33-1 

Water Supply, Airborne 13-7 

Purification and Storage 28-1. 

Water Supplies, Fixed 

Disinfection 33-2 

Distribution 33-4 

Fluoridation 33-3 

Sources 33-1 

Storage 33-3 

Testing 33-4 

Treatment 33-2 

Water Supplies, Field 33-5 

Distribution 33-5 

Emergency Pmification 33-6 

Filtration 33-5 

Purification 33-5' 

Weapon Systems, Missile 18-1 

Windblast 

Effects of 5-28- 

Experience 5-29 

Occurrence 5-28 

Tolerance to 5-28,29 

Winds of Solar Plasma 19-5 

Wind Velocit)' • 17-4 

Sounding Balloons 17-4 

Wing 48-5 

Combat 48-7 

World Health Organization (WHO) 27-2 

X 

Xylocaine 8-11 

Y 

Yaw { Motion ) 5-1 

Yellow Fever, Geographical 
Distribution of 26-7 

Z 

Zodiacal Light 19-4 

Zones of Thermal Regulation 

Zone of Body Cooling 17-7 

Zone of Evaporative 

Regulation 17-7 

Zone of Vasomotor 
Regulation 17-7 
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